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Abstract: 

Prenatal exposure to excess androgens, testosterone in particular, has clear effects 

on potential ram fertility.  Utilizing breeding soundness examinations in male sheep will 

assess the ram’s potential ability to impregnate a certain number of healthy females 

during a defined breeding season. Identifying rams that have high breeding potential can 

provide a direct economic benefit to the producer.  Previous studies have examined the 

critical period for prenatal androgen exposure on testicular development from day 30 to 

120 of gestation. In these studies they have found lower body weights, smaller scrotal 

circumference, reduced motility and reduced sperm concentration.  Other studies looked 

at depressed function of the hypothalamic-pituitary-gonadal axis, altered testicular 

cellular distribution and function as well as altered gene expression. 

The first study evaluated the dogma of the necessity to use a different stimulation 

technique when collecting semen from a ram by electroejaculation, than that described 

for bulls. The objective of this study was to evaluate two electroejaculation techniques for 



 

 

collecting semen in rams. Our hypothesis was that the “bull method” of electroejaculation 

used to collect semen from a ram would yield results similar to the traditional “ram 

method”.  Rams (n=48) were electroejaculated using either the “bull” method (n=24) or 

the “ram” method (n=24).  There was no significant difference based on this particular 

group of rams between the “ram method” and “bull method”.  Both produced similar 

results with respect to efficacy of the method to produce a semen sample and quality of 

the samples collected when performing a breeding soundness exam.  

The objective of the second study was to determine the effects of prenatal 

androgen exposure over a brief duration early in the critical period of testicular 

development. We hypothesized prenatal treatment with testosterone proprionate between 

day 30 to 60 of gestation would reduce adult body weight, scrotal circumference, sperm 

motility, concentration, viability, and normal morphology and increase Leydig and 

Sertoli cell numbers and AMH, StAR, and CYP17 gene expression. 

At 18 months of age, breeding soundness examinations (BSEs) were conducted to 

assess fertility potential of control (n=12) and testosterone proprionate prenatally treated 

rams (n=12). Rams were then humanely euthanized with an overdose of pentobarbital 

and two 1 cm3 biopsies from each testis were obtained for histomorphometric analysis, 

immunohistochemistry, and qRT-PCR. The results of this experiment demonstrated that 

prenatal treatment with testosterone proprionate between days 30 to 60 of gestation 

affects the potential fertility of ram lambs. There was also a significant difference in 

scrotal circumference and sperm concentration between treated and control rams.  The 

findings from this study are significant because they contribute to our understanding of 

how disruption of the fetal hormone environment alters the development of the testis. 



 

 

Both of these studies addressed potential fertility of rams, how it can be assessed 

and how it can be manipulated. The treatment of the first study did not definitely define 

the window of critical development exposure or pinpoint where the alterations to the 

testis had occurred during fetal development, further research is warranted. 
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Effects of Maternal Treatment with Testosterone Proprionate in Ewes from  

Day 30-60 of Gestation on Male Offspring Potential Fertility 

 



 

1 INTRODUCTION 

 

1.1 Importance of Ram Fertility 

 

A breeding soundness examination (BSE) in male sheep assesses the ram’s ability 

to impregnate a certain number of healthy females during a defined breeding season 

(Hulet et al., 1964). Identifying rams that have high breeding potential will provide direct 

economic benefit to the producer (Kilgour, 1993). A well-grown ram lamb should be able 

to mate 15 to 30 ewes in a 34 day breeding season, whereas yearlings to five-year-old 

rams can breed 25 to 50 ewes without a reduction in pregnancy rates (Edmondson et al., 

2012). The BSE can also serve as a criterion when deciding to cull males that are found 

to be questionable breeding potential (Van Metre et al., 2012). Extended lambing seasons 

increased lamb mortality, and increased open ewes at time of pregnancy checks are all 

economically harmful effects of reproductive disease in rams (McGowan and Devine, 

1960; Swift and Weyerts, 1970; Bagley, 1997). 

 

1.2 Assessment of Ram Fertility 

 

1.2.1 Breeding Potential (Sexual Behavior) 

 

Breeding success can vary due to sexual behavior, body condition, season, and 

temperature (Rosa and Bryant, 2003). Rams vary in their sexual behavior, with up to 10 



2 

 

to 15 percent of rams having unsatisfactory sexual behavior (Van Metre et al., 2012). 

Some rams will repeatedly mate with the same ewes, even though several other estrous 

ewes are available for breeding (Banks, 1964). Some rams prefer to mate with other rams 

while other rams will show no interest in breeding at all (Roselli et al., 2011). Sexual 

partner preference can be determined through a serving capacity/partner preference test 

(Perkins et al., 1992). There are different ways to assess the serving capacity of rams.  

One example of a serving capacity test is placing five 1-2yr old rams in with four estrous 

ewes for 30 minutes.  Mounts and ejaculations are recorded for each ram, any ram that 

mounted and/or ejaculated more then 10 times was further tested with an individual ewe 

in estrus.  Sexual behavior was recorded and evaluated (Perkins et al., 1992).  Perkins 

concluded that when properly conducted, a serving capacity test could be used to predict 

ram mating performance. Rams must also be in good body condition for reproductive 

success (Kenyon et al., 2014). Malnutrition, internal parasites, or systemic disease can 

reduce fertility or decrease the ram's sexual behavior (Doster and Grotelueschen, 1986). 

Common diseases, such as those affecting the feet or any of the external breeding organs, 

can make it impossible for a ram to breed ewes even when sexual behavior is satisfactory 

(Ott and Memon, 1980). 

 

1.2.2 Effects of Temperature 

 

The effects of temperature on rams are two-fold with both environmental and 

body temperature need being considered. Increases in environmental temperature may 

result in a lack of drive to breed (Howarth, 1969). Exposure of sheep to elevated external 
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temperatures results in a decrease of body weight, average daily gain and growth rate, 

which is reflected by impaired reproduction (Marai et al., 2007). A rise in body 

temperature due to systemic illness or heat stress can result in infertility. This is one of 

the reasons it is recommended to shear rams prior to breeding and to put the rams in with 

the ewes at night when it is cooler (Herrig et al., 2006). 

 

1.3 Breeding Soundness Exam (BSE) 

 

1.3.1 Overview 

 

To ensure maximal reproductive efficiency, each breeding male should receive an 

annual BSE (Ridler et al., 2012). The BSE consists of a brief physical examination, 

inspection of the reproductive organs, evaluation of libido, semen collection and 

evaluation (Ott and Memon, 1980). The BSE should be performed at least one month 

before the start of the breeding season to allow time for the ram to recover from any 

disease identified during the exam and have a second BSE if he fails the initial test or is 

considered unsatisfactory for breeding and must be replaced (Hindson, 1989; Boundy, 

1993). The formation and development of sperm requires six to seven weeks (Barth and 

Oko, 1989; Kimberling and Marsh, 1997). Therefore, after recovery from sickness or heat 

stress, it takes six to seven weeks for a ram for spermatogenesis to return to normal. 
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1.3.2 Physical Exam 

 

 The exam begins as the ram walks into the area with the examiner paying 

attention to gait and foot comfort (Ott and Memon, 1980). It includes a general 

examination for health with special consideration of the reproductive organs (Ridler et 

al., 2012). If the ram is unable to walk to or mount the ewe, he will not get her bred.  

Once the ram is safely restrained, legs should be palpated and feet examined (Ott and 

Memon, 1980). Any indication of lameness could be a deterrent to breeding (Eze, 2002). 

Once the examiner is satisfied with ambulation and foot health the next area to be 

examined is the ram’s body condition. A physical examination for breeding soundness in 

rams requires knowledge of the normal reproductive characteristics as well as the 

deviations away from normal (Ott and Memon, 1980). 

 

1.3.3 Body Condition Score 

 

Body condition score is assessed by palpation of the ram on and around the 

backbone in the loin area immediately behind the last rib and above the kidneys (Russel 

et al., 1969). An assessment is made based on the prominence of the dorsal spinous 

processes of the lumbar vertebrae (Jefferies, 1961). The transverse processes of the 

vertebrae are also assessed at this time for fat cover (Russel et al., 1969). Finally, the 

fullness of the epaxial muscle area and its degree of fat cover in the angle between the 

dorsal spinous and transverse processes is evaluated (Russel et al., 1969). Rams are then 

awarded a score. (Table 1.1.)  Assessing ram body condition prior to breeding is 
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imperative to make feeding recommendations (Jefferies, 1961). A ram can lose up to 

15% of its body weight during breeding season, so it is critical that they are in the most 

desirable body condition (3.5-4.0) before turning them out for breeding (Ott and Memon, 

1980). 
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BCS Physical Characteristics 

Score 0  Extremely emaciated and on the point of death. It is not possible to detect 
any muscular or fatty tissue between the skin and the bone. 

Score 1 The spinous processes are felt to be prominent and sharp. The transverse 
processes are also sharp, the fingers pass easily under the ends and it is 
possible to feel between each process. The epaxial muscle areas are 
shallow with no fat cover. 

Score 2 The spinous processes still feel prominent, but smooth, and individual 
processes can be felt only as fine corrugations. The transverse processes 
are smooth and rounded, and it is possible to pass the fingers under the 
ends with a little pressure. The epaxial muscle areas are of moderate depth, 
but have little fat cover. 

Score 3 The spinous processes are detected only as small elevations; they are 
smooth and rounded, and individual bones can be felt only with pressure. 
The transverse processes are smooth and well covered, and firm pressure is 
required to feel over the ends. The epaxial muscle areas are full, and have 
a moderate degree of fat cover. 

Score 4 The spinous processes can just be detected, with pressure, as a hard line 
between the fat covered muscle areas. The ends of the transverse processes 
cannot be felt. The epaxial muscle areas are full, and have a thick covering 
of fat. 

Score 5 The spinous processes cannot be detected even with firm pressure, and 
there is a depression between the layers of fat in the position where the 
spinous processes would normally be felt. The transverse processes cannot 
be detected. The epaxial muscle areas are very full with very thick fat 
cover. There may be large deposits of fat over the rump and tail.  
 

 
Table 1.1: Body condition score (BCS) from 0-5 and associated physical characteristics. 

(Russel et al., 1969) 
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 Scrotal circumference is directly related to sperm production and age of puberty 

in the sire’s progeny (Braun et al., 1980). However it is not just enough to measure the 

scrotal circumference.  Palpation of the scrotum and its contents in conjunction with 

measurement of circumference allows the testes to be examined for size, consistency and 

symmetry (Ott and Memon, 1980). Lack of symmetry and irregular consistency are 

indicative of pathology (Braun et al., 1980). Abnormalities that result in scrotal wall 

thickening are likely to interfere with cooling (Kastelic et al., 1996). The spermatic cord 

should be palpated for asymmetry cause by swelling, abscesses or hernias.  The head, 

body and tail of the epididymis should also be palpated for any abnormalities (Braun et 

al., 1980). Brucella ovis infection can cause clinical or subclinical disease in sheep that is 

characterized by genital lesions in rams including epididymitis (Quinlivan, 1970). 

Brucella ovis reduces fertility in rams and if transmitted causes infrequent abortions in 

ewes (Burgess, 1982). Serum testing for Brucella ovis should be included in any breeding 

soundness exam (Van Metre et al., 2012). The testes are palpated for symmetry and 

consistency (Braun et al., 1980). Two testes should be present in the scrotum (Smith, 

2009). Pathologic conditions of the ram’s testes are summarized in Table 1.2.  

Determining the etiology of alterations in testicular size or symmetry would require 

additional diagnostics. 

  



8 

 

Condition Description 

Cryptorchidism  Cryptorchidism is the failure of one or both testes to descend into the 
scrotum. Cryptorchids are undesirable breeding animals. If both 
testicles are affected, the ram is infertile. If only one testis is affected, 
the ram may be fertile, but he will pass the trait onto his offspring. 

Soft Testes – 
Degeneration  
 

Testicular hypoplasia and degeneration are difficult to differentiate. 
In general the testicle in the non-breeding season is smaller and lacks 
normal resiliency. Other causes of testicular atrophy include age, zinc 
deficiency, hypothyroidism, diet, systemic disease, and heat and cold 
stress. Many cases of atrophy and degeneration are not treatable. The 
exceptions are cases caused by diet or certain diseases. 

Orchitis/ 
Epididymitis 

May result from hematogenous spread, extension from other parts of 
the reproductive or urinary system or from local penetrating trauma 
to the scrotum. 
- Brucella ovis is the primary cause of orchitis in rams 
- Many other non-specific bacteria can also cause 

orchitis/epididymitis. 
Hard Testes – 
Fibrous/Injury 

Calcification may occur secondary to fibrosis in age related 
degeneration, chronic disease or injury. 

Bi/Unilateral 
Enlargement – 
Tumors  

Primary testicular tumors are uncommon.  They can originate from 
interstitial (Leydig) cells, Sertoli cells and the germinal epithelium.  
Testicular teratomas and lipomas of the testicular surface and 
lymphosarcoma also occur. 

Hernia – Scrotal  
 

Hernias may be congenital or acquired; they may occur as isolated 
defects or they may be associated with defects of other parts of the 
body. Old age may account for relaxation of and stretching of the 
rectus abdominis and internal and external oblique muscles however, 
the cause of scrotal hernia is almost certainly traumatic in origin 

Variocoele Local disturbance in venous circulation characterized by thrombosis 
in the internal spermatic vein which when large enough can 
incapacitate rams 

Abscesses 
 

An abscess is a localized purulent inflammation of any tissue 
characterized by cavity formation and the collection of pus in that 
particular cavity. Apart from the rest of the body, abscesses can 
therefore be found anywhere on the scrotum, usually situated 
between the skins and underlying tissues, or in the epididymis and 
the testes. Sometimes a collection of pus is also found in the scrotal 
cavity surrounding the testicle. 

 

Table 1.2: Descriptions of various pathologic reproductive conditions occurring within 

the ovine scrotum. (Pugh et al., 2002)  
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1.3.4 Electroejaculation 

 
The prepuce and penis will be examined at the time of electroejaculation.  Penile and 

preputial abnormalities associated with ram infertility are summarized in Table 1.3. The 

process of electroejaculation involves inserting a probe into the rectum (Damián and 

Ungerfeld, 2011). The probe usually contains 3 electrodes that are orientated ventrally in 

the rectum.  The electroejaculation response is improved if fecal material has been 

removed prior to performing the procedure (Dziuk et al., 1954). The electroejaculation 

response may also be improved if massage is combined with electrical stimulation (Gunn, 

1942). A described method with the addition of massage is as follows.  Downward 

pressure is applied over the area of accessory sex glands and massaged for 3-4 seconds 

during the rest periods between stimulations.  The probe is then held stationary over the 

same area for 5-7 seconds as electrical stimulation is applied and steady downward 

pressure is maintained until semen is collected (Gunn, 1942; Edgar et al., 1956). 

Additional research in this area is needed to determine if massage significantly 

affects the quality of the samples collected.  Another method for semen collection from a 

ram is the use of an artificial vagina (Matthews et al., 2003). This method may yield a 

higher number of motile normal sperm but the rams must be trained to this technique 

(Wulster-Radcliffe et al., 2001). This collection method is beneficial when using 

cryopreserved semen used for artificial insemination. (Moore, 1985). 
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Condition affecting the 

Penis 
Description 

Phimosis 
 

Is the inability to extend the penis. It can cause significant 
loss of libido and fertility. This condition may be 
associated with hair ring, trauma, and balanoposthitis.  
Rarely occurs. 
 

Paraphimosis 
 

Is the inability to withdraw the penis into the prepuce. It 
can cause significant loss of libido and fertility. This 
condition may be associated with hair ring, trauma, and 
balanoposthitis. Rare occurs. 
 

Ulcerative dermatosis  
 

Also known as balanoposthitis or ovine venereal disease.  
This is a contagious viral disease, which produces crusted 
ulcers in the skin of the face, feet, prepuce, penis, and 
vulva. Reproductive loss results from incapacitation of 
rams and interference with feeding and breeding. 
Reproductive lesions produced by this disease can be 
identified on examination of the penis and prepuce of rams 
intended for breeding. Medical treatment is possible, but 
not all rams may be able to mate effectively following 
healing if a scarred, deformed penis or prepuce occurs. 
 

Ovine Posthitis 
 

Also known as sheath-rot or pizzle-rot.  This is a 
moderately contagious disease associated with high protein 
diets and a concurrent Corynebacterium renale bacterial 
infection of the prepuce. 
 

 
Table 1.3: Descriptions of various pathologic conditions after the ovine penis. (Pugh et 

al., 2002) 
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1.3.5 Semen Evaluation 

 

Upon collection, the ejaculate should be evaluated grossly for volume, color, and 

contamination (urine, blood, pus, and debris).  The volume of an electroejaculate is 

usually 1 to 2 ml and milky in color (Pugh et al., 2002). Semen evaluation includes an 

estimate of the progressive motility and morphology of the sperm cells and also 

identification of any other cells in the ejaculate (Youngquist and Threfall, 2007). Motility 

should be assessed microscopically. Two methods of assessing sperm motility are 

traditionally employed; gross motility (or mass activity) and individual motility (or 

percent progressive motility) (Ott and Memon, 1980). It is good practice to use both 

methods as can they differ somewhat in interpretation and precision. With all motility 

estimations it is important to protect semen against adverse effects (e.g. cold shock) and 

therefore to do the estimation as soon as possible after semen collection (Cameron, 

1977). 

 

1.3.5.1. Gross Motility 

 

Gross motility, or the amount of swirling (or wave motion) present in an undiluted 

semen sample, is a function of both sperm concentration and individual motility 

(Chenoweth, 2002). To assess gross motility place a drop of raw semen on a warmed 

slide and observe it at total 100x magnification. With the condenser properly adjusted, 

mass action or "swirl" can be observed in samples, which have adequate numbers of 

motile spermatozoa (Chenoweth, 2002). The gross motility is then characterized as very 
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good (vigorous swirling motion), good (slower swirling motion), fair (general oscillation) 

or poor (sporadic oscillation) (Bulgin, 1992). The classifications for this estimate are 

shown in Table 1.4. 

 

1.3.5.2. Individual Motility 

 

Individual progressive motility of spermatozoa is assessed under a brightfield or 

phase-contrast microscope preferably equipped with a warm stage to prevent cold shock 

of spermatozoa (Ott and Memon, 1980). Coverslipped specimens are usually examined at 

a total magnification of 200 – 400x (Bulgin, 1992). In dense samples (milky or creamy) 

the sample should be diluted for proper observation of individual spermatozoa. Sodium 

citrate, semen extenders or physiological sterile saline are serviceable diluents and may 

be used although readings should not be delayed when a diluent is used (Ott and Memon, 

1980). The percentage of active, progressively motile cells is estimated. This procedure 

takes more practice than does the gross motility estimation, but is probably more accurate 

in experienced hands. The minimum standard for satisfactory individual motility is 30% 

(Bulgin, 1992) (Table 1.5). 
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Gross Motility  Classification 

Rapid Swirling Very Good (VG) 

Slower Swirling  Good (G) 

Generalized Oscillation  Fair (F) 

Sporadic Oscillation Poor (P) 

 

Table 1.4: Scoring categories for assessing gross motility (mass activity) in ram semen. 

(Bulgin, 1992) 
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Individual Progressive Motility  Classification 

70% Very Good (VG) 

50 – 69%  Good (G) 

30 – 49%  Fair (F) 

≤ 30% Poor (P) 

 

Table 1.5: Scoring categories for assessing individual progressive motility in ram semen. 

(Bulgin, 1992) 
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1.3.5.3. Morphology 

 

Sperm morphology reflects the health of the seminiferous tubules and, to some 

degree the epididymis. Normal sperm morphology is also important for sperm to be 

viable (Barth and Oko, 1989). To assess sperm morphology, sperm are stained with 

commercially available stains that assist in viewing individual sperm cells (Table 1.6). 

The recommended technique for the preparation of an eosin-nigrosin stained semen 

smear is as follows.  Place a 4 to 5 mm drop of warm stain near the end of a warm 

microscope slide.  Then place a drop of semen near the stain and mix the two on the slide 

using either a Pasteur pipette or applicator slide. The size of the drop of semen varies 

with the density of the semen sample. For very concentrated semen use a drop 2 mm in 

diameter. For dilute semen use a larger drop, up to 6mm in diameter.  To make the smear, 

a second slide held at a 30° to 40° angle is pushed against the drop of stained semen and 

pulled back slowly across the slide (Barth and Oko, 1989).  It is typical to count 100 

sperm and classify each cell as normal or abnormal. Abnormal sperm can be classified as 

having primary or secondary morphological defects (Table 1.7), major or minor defects 

(Table 1.8), or compensatory or non-compensatory defects. Primary abnormalities are 

considered to be those that originate in the testis during spermatogenesis whereas 

secondary abnormalities result from incomplete maturation and transport (Chenoweth et 

al., 2014). Thus, while the major abnormalities have been correlated to impaired fertility 

(Kubo-Irie et al., 2005) minor defects do not necessarily indicate a disturbance of 

spermatogenesis, but nevertheless, could cause a reduction in fertility if they are present 

in large proportions within the ejaculate (Barth and Oko, 1989; Enciso et al., 2011). 
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Compensatory defects are those defects that can be compensated for by a larger 

insemination dose and non-compensatory cannot be compensated for regardless of the 

size of the insemination dose (Youngquist and Threlfall, 2007). This last classification is 

used infrequently due to lack of research in this area. The standard for a satisfactory 

morphology is 70% morphologically normal sperm. (Table 1.9) 
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Stain Indicates Action 

Acridine Orange Denatured sperm Stains RNA red and DNA green 
 

Acrosin Amidase 
activity 

Acrosome 
Reaction 

Acrosin is a serine proteinase that is associated with the acrosome of mammalian 
sperm and is thought to be important to the acrosome reaction, sperm zona pellucida 
binding, and zona pellucida penetration.  It is not know if differences relate to 
fertility. 
 

Chlortetracycline 
(CTC) 

Capacitation Fluorescent antibiotic whose distribution on the sperm changes during the transition 
from the non-capacitated to the capacitated state, and then to acrosome reacted, 
allowing differentiation of various steps in the sperm activation process.  Laborious 
because not amenable to flow cytometry and prone to artifacts. 
 
 

DS (dual stain): 
Trypan blue and 
Giemsa 

Viability 
Acrosome 
Reaction 

The DS includes the use of vital stain trypan blue to detect live and dead 
spermatozoa and Giemsa to detect the presence or absence of an acrosome. 
Generates 4 categories of sperm either viable or non viable combined with acrosome 
intact or reacted. 
 

Eosin‐nigrosin Viability Many different staining techniques have been devised for examining sperm 
morphology. An nigrosin-eosin stain is commonly used because it is effective, 
simple and, in addition to allowing sperm to be readily visualized, it is a so-called 
"live-dead" stain, allowing one to assess membrane integrity at the same time as 
morphology. 
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Stain Indicates Action 

Filipin Capacitation Complexes un-esterified cholesterol and can be used to monitor changes in sperm 
cholesterol distribution. 
 
 
 

FITC Arachis 
Hypogea 
Agglutinin (FITC-
PNA) 

Acrosome 
Reaction 

Binding is limited to the acrosomal cap of the sperm (the outer acrosomal 
membrane) with no binding to the plasma membrane of the oocyte, can be used to 
assess the acrosome reaction during gamete interaction. 

Fluorescein 
isothiocyanate-
conjugated 
concanavalin A 
(FITC-ConA) 
 

Acrosome 
Reaction 

FITC-ConA specifically labels the acrosomal region of acrosome-reacted 
spermatozoa. This labeling is found to be useful in evaluating the acrosome status of 
spermatozoa. 
 

Hoechst 33258 Capacitation 
Viability 
Acrosome 
Reaction 

Sperm identified as capacitated or acrosome reacted can simultaneously be 
classified as viable or degenerate used with CTC. 
 

HOPT Hamster 
Oocyte Penetration 
Test 
 

Acrosome 
Reaction 

Tests capacity of sperm to penetrate an egg. Used for research only. 
 

Merocyanine 540 Capacitation Can be evaluated with flow cytometry, detects capacitation earlier than CTC. 
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Stain Indicates Action 

Pisum sativum 
agglutinin FITC 
(FITC-PSA) 

Acrosome 
Reaction 

Electron microscopy confirmed that FITC-PSA labels the acrosome, but also binds 
sugar residues in the zona pellucida, so cannot be used during the sperm-oocyte 
interaction. 
 
 

SCGE Single Cell 
Gel Electrophoresis 
 
 

DNA damage Single cell gel electrophoresis, known as the comet assay, expensive, time 
consuming and elaborate. 
 

SCSA Sperm 
Chromatin 
Structure Analysis 
 

Sperm DNA 
Fragmentation 

Evaluates structural stability by measuring the susceptibility of sperm DNA to acid 
denaturation.  
 

Spermac Acrosome 
Reaction 

Sperm with low percentages of intact acrosomes were associated with failed 
fertilization. This stain was useful for assessing acrosomes and identifying possible 
male factor infertility problems. 
 

Trypan blue Viability Trypan blue is a vital stain used to selectively color dead tissues or cells blue. It is a 
diazo dye. Live cells or tissues with intact cell membranes are not colored.  
 

TS (triple stain): 
Trypan blue, 
bismark brown, and 
rose bengal 

Viability 
Acrosome 
Reaction 

Evaluates the Acrosome reaction using bright field microscopy. The significant 
improvements achieved in this method are: Live and dead sperm are differentiated 
by trypan blue staining before fixation and the acrosome is specifically stained by 
Rose Bengal. 
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Stain Indicates Action 

Wells and Awa Acrosome 
Reaction 

The stain, a combination of eosin B and fast green FCF, was effective in revealing 
acrosomal characteristics of spermatozoa in both fresh and frozen semen samples. 
The presence or absence of the acrosome could be determined as well as its 
condition, i.e., smooth and entire, swollen or disintegrating, and degree of 
attachment to the sperm cell. 
 

Yo-Pro-1 Viability Is a membrane-impermeable dye, which is able to pass through the damaged plasma 
membrane of dead sperm and be observed directly under a fluorescence microscope. 
 

 

Table 1.6: Commercially available stains that assist in viewing individual sperm cells with specific indications. (Chenoweth, 

2014) 
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Sperm Abnormalities 

Primary  Secondary  Other Cells 

Underdeveloped Small Normal Heads Epithelial Cells 

Double Forms Giant and Short Broad Heads Erythrocytes 

Acrosome Defect Free Normal Heads Medusa Formations 

Crater/Diadem Defect Detached Acrosomal Membranes Sperm Precursor Cells 

Pear-Shaped Defect Folded Acrosomal Membranes Round Cells 

Abnormal Contour Loose Acrosomal Membranes White Blood Cells 

Small Abnormal Heads Abaxial Implantation  

Free Abnormal Heads Distal Droplet  

Abnormal Midpiece Simple Bent Tail  

Proximal Droplet Terminally Coiled Tail  

Strongly Folding    

Strongly Coiled Tail   

Accessory Tails   

 

Table 1.7: Categories for assessing primary and secondary sperm abnormalities in ram 

semen. (Chenoweth, 1992) 
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Sperm Defects  

Major Minor 

Underdeveloped Narrow heads 

Double forms Small normal heads 

Acrosome defect (knobbed acrosome) Giant and short broad heads 

Decapitated sperm defect (active tails) Free normal heads 

Diadem defect Detached acrosome membranes 

Pear-shaped defect Abaxial implantation 

Narrow at base Distal droplet 

Abnormal contour Simple bent tail 

Small abnormal heads Terminally coiled tail 

Free pathological heads Other cells 

Corkscrew defect  

Tail stump  

Proximal droplet  

Pseudodroplet  

Strongly coiled or folded tail  

Broken neck  

 

Table 1.8: Categories for assessing primary and secondary sperm abnormalities in ram 

semen. (Enciso, 2011) 
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BSE Criteria for Rams 

 
Questionable Satisfactory Exceptional 

Scrotal Circumference 
(8-14 months) <30 28-36 >36 

Scrotal Circumference 
(>14 months) <32 32-40 >40 

Progressive Motility % 10-30 30-70 70-100 

rmal Morphology % 
Morphology (%Normal) 30-50 50-80 >80 

 

Table 1.9: Breeding soundness examination criteria for rams. Note: all rams must also be 

negative for Brucella ovis. (Bulgin, 1992) 
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Numerous diseases and environmental conditions can affect sperm morphology 

and semen quality.  Detached heads and bent tails are commonly associated with Brucella 

ovis (B. ovis) infections (Cameron, 1977). Testicular degeneration can also lead to 

detached heads, coiled tails and thickened midpieces (Ridler et al., 2012). Cells other 

than sperm can also be found in the semen and indicate certain pathological conditions. 

Red blood cells can indicate hemorrhage from the penis, prepuce or urogenital tract. 

White blood cells are not an incidental finding and should not be present in the semen 

sample (Sprecher et al., 1999). Contamination may be avoided by allowing the penis to 

fully extend before collecting.  Brucella ovis is the most common disease to cause the 

presence of white blood cells in ram semen (Júnior et al., 2012).  It is important to 

remember that their presence is only an indication of a non-specific inflammatory or 

infective process. Other cells that may be found in a semen sample are epithelial cells, 

cytoplasmic droplets and sperm precursor cells (Youngquist and Threlfall, 2007). 

Pathological conditions that can lead to alterations in sperm morphology are listed in 

Table 1.10. 
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Sperm 
Abnormalities 

Description 

Detached Heads It is common to find a few detached heads in a sample of a normal bull. This is 
believed to occur when stored aged sperm cells break apart in the epididymis 
following a prolonged period of breeding inactivity.  

Bent Tail or Distal 
Midpiece Reflex 
Defect 

 

The tail is folded backward, forming a loop at the point where it is bent. The 
defect appears to develop while the sperm cells are stored in the epididymal tail 
and is believed to be caused by exposure of the sperm to abnormal secretions in 
the epididymis. These secretions are under the influence of the hormone 
testosterone and any stressors such as weather or a fever may affect testosterone 
production, resulting in this defect.  

Proximal Droplets Proximal droplets are part of the normal development process of sperm cells and 
are normally lost once the cells pass through the epididymis. When present in 
high numbers they generally suggest immaturity and in most cases disappear 
within a month.  

Distal Droplet Most sperm cells stored in the epididymal tail have a distal droplet, which is part 
of normal sperm development. As the sperm cells mix with seminal fluids at 
ejaculation the droplet is shed. In situations where the droplet is not shed this 
defect will be seen in the sample.  

Pyriform heads With this defect the sperm cell head is pear shaped, affecting the cell nucleus 
and therefore the fertilizing capability or the viability of the resulting embryo. 
Pyriform heads arise within the testicle during sperm development as a result of 
disturbance of heat regulation or through a hormonal disturbance. Events such as 
fever, inflammation from frostbite, or excess scrotal fat may all contribute to 
abnormal heat regulation in the testicle. Stresses such as chronic pain, show 
circuit stress or temperature extremes may also contribute to the hormonal 
imbalances that can lead to these defects. 

Vacuoles Crater like defects on the head of the sperm cell. When arranged in a ring around 
the lower third of the head they are referred to as Diadems. The appearance of 
vacuoles appears to be related to the same stressors that cause pyriform heads 
and are often seen in association with pyriforms. They may interfere with 
fertilization or cause reduced embryo viability. 

Knobbed 
Acrosomes 

The defect appears as a flattened or cup like indentation on the apex of the 
sperm cell. Presence of this defect indicates a disturbance in sperm cell 
development as a result of stresses such as abnormal testicle heat regulation, 
illness, nutritional deficiencies, etc. and therefore will often be present with 
other defects caused by similar problems. It may also indicate an inherited 
component when present as the only defect in high numbers for prolonged 
periods of time. 

Coiled principal 
piece 

Appears as a tight coiling of the lower part of the tail and results in impaired 
motility. The cause is likely a result of abnormal tail formation during sperm 
development, again associated with some of the stresses that cause other defects. 

 

Table 1.10: Pathophysiology of common sperm morphology abnormalities. (Jelinski, 

1998)   
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1.3.5.4. Concentration 

 

Determining sperm concentration involves counting sperm contained in a defined 

volume of semen.  (Brito and Global, 2010a) The process involves preparation and 

dilution of the semen sample and counting the cells.  Hemocytometers used in 

conjunction with a microscope is an example of a manual method for counting sperm. 

Hemocytometers are considered the gold-standard for determining sperm concentration 

(Anzar et al., 2009). However, with the development of automated sperm counting 

equipment including the Computer Assisted Semen Analysis (Sperm Class Analyzer, 

Microptic, Barcelona, Spain) and NucleoCounter® SP-100™, (ChemoMetec A/S, 

Allerød, Denmark) there may be a better option for an objective sperm concentration 

evaluation.  Variation found with the hemocytometer may be the result of user error 

(improper loading or counting technique) or equipment malfunction (wrong coverslip, 

chips or scratches). (Lorton et al., 2014) The development of the computer-assisted 

semen analysis (CASA) systems allows objective evaluation of sperm.  CASA reduces 

technician variations and reduces subjective observations of sperm evaluation (Davis and 

Katz, 1992).  There are many CASA systems available and although the principles of the 

programs are similar there are several differences that affect the results.  In one study a 

CASA system either underestimated or overestimated sperm concentration when 

compared to hemocytometers (Verstegen et al., 2002). Many of the original expectations 

of CASA have been met, and in general the impact has been favorable. There is no doubt 

that, when properly calibrated and used with appropriate software parameter settings, a 

CASA system can provide both accurate and reproducible data.  It is however not to 
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imply that the CASA is the new “gold standard” (Amann and Waberski 2014). The 

NucleoCounter® SP-100™, (ChemoMetec A/S, Allerød, Denmark) is an automated 

instrument that uses an integrated fluorescent microscope system designed to detect 

signals from a light beam passed through a fluorescent dye (propidium iodide) bound to 

the nuclei of sperm (Brito, 2010a). Semen samples are diluted with a detergent solution 

and loaded into a disposable cassette coated with the dye. According to the manufacturer, 

the depth of the chamber used for the count is determined and the information is 

embedded in each cassette to be used by the equipment for calculation of the sperm 

concentration. The NucleoCounter® SP-100™, (ChemoMetec A/S, Allerød, Denmark) 

has been found to very precisely determine sperm concentrations and be more consistent 

and accurate when compared to the hemocytometers (Brito, 2010b). 

 

1.4 Effects of Prenatal Androgen Exposure 

 

1.4.1 Testicular Development In Utero 

 

The testis is an exocrine organ because it produces sperm and it is also an 

endocrine organ, because it produces hormones such as testosterone (Mendis-

Handagama, 2012). The formation of the indifferent gonad is initiated when the 

primordial germ cells (PGC) enter the developing sheep gonad from the extra-embryonic 

mesoderm and form the genital ridges (Wilhelm et al., 2007). In rams, the genital ridges 

appear as thickenings of the epithelium overlying the ventromedial surfaces of the 

mesonephros around 22-23 day post coitum (dpc) (Svingen and Koopman, 2013). 
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Initially there is no morphological difference between the genital ridges of XX (female) 

and XY (male) embryos until gonadal sex determination occurs (Rey and Josso, 2013).  

Prior to differentiation, the genital ridges contain at least three types of 

unspecified, bipotential precursor cells (Svingen and Koopman, 2013).  First, the somatic 

component of the genital ridge includes the germ-cell supporting cell lineage. The PGCs 

complete migration to the genital ridge at 22-23 dpc, and Sry, the sex-determining gene 

on the Y chromosome, is expressed in supporting somatic cells (not the germs cells). The 

expression of Sry directs the somatic supporting cells to differentiate into embryonic 

Sertoli cells (McLaren, 2000). Sry is present on the Y chromosome and is essential for 

testis determination (Gilbert, 2000). Sertoli cells are the somatic cells found in the 

seminiferous tubules of the testis that are thought to direct sexual development in the 

male during early embryonic growth (Alberts et al., 2002). They provide the necessary 

signals and microenvironment to support PGCs in the embryonic testis to develop into 

prospermatogonia, sometimes called gonocytes. Sertoli cells also secrete anti-Mullerian 

Hormone (AMH), which suppresses the Mullerian duct formation, thereby contributing to 

reproductive tract development in the male (Gilbert, 2000). Finally, Sertoli cells induce 

other somatic cells in the embryonic testis to differentiate into Leydig cells that produce 

testosterone.  The formation of the ductus deferens from the Wolffian ducts is regulated 

by testosterone so the formation of Leydig cells is critical to the formation of the male 

reproductive tract (Alberts et al., 2002). Following PGC migration to the genital ridge 

they undergo several rounds of cell division and then enter mitotic arrest. They remain in 

arrest until after birth (McLaren, 1984), when DNA replication takes place and the cell 

cycle resumes (McLaren, 2000).  
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Initially, the developing gonads do not have their own excretory ducts. At day 29 

dpc in sheep testis differentiation continues with the formation of the tunica albuginea 

and the organization along a testis-to-mesonephros tissue development direction of 

seminiferous cords, tubuli recti, the cords of the rete testis and the vas deferens (Payen et 

al., 1996; Zamboni and Upadhyay, 1982). The mesonephric duct (also known as Wolffian 

duct) is a paired organ found in mammals during embryogenesis. The Wolffian ducts 

become the ductus deferens and facilitate the transport of spermatozoa away from the 

testes in sexually mature animals.  In addition, during embryonic development, the 

Wolffian Ducts also develop into male accessory reproductive structures that include the 

epididymis and spermatic ducts. (Wilhelm et al., 2007).  The rete testis forms the 

continuation of the centrally lying testicular cords or the straight seminiferous tubules. 

These ductules will connect the developing testes and become a system of tubules within 

the center of the testis.  These tubular connections collect spermatozoa from the 

seminiferous tubules resulting in a continuous tube system that facilitates the transport of 

spermatozoa to the external environment (Wilhelm et al., 2007). 

 

1.4.2 Growth Effects of Prenatal Androgen Exposure 

 

The effects of prenatal androgen exposure has been well-documented in humans 

with etiologies ranging from congenital adrenal hyperplasia (CAH) to polycystic ovary 

syndrome (PCOS) (Nimkarn et al., 2011; Abbott et al. 1998). The consequences have 

been shown to be detrimental to the overall health of the person ranging from endocrine, 

metabolic, and reproductive deficits (Padmanabhan et al., 2006). Over time, animal 
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models have been developed to investigate the extent of the effects of prenatal androgen 

exposure due to the possibility of excess maternal androgen exposure stemming from 

congenital disorders to environmental pollutants (McLachlan, 2001). Prenatal 

overexposure to androgens, testosterone in particular, has been studied in rams but our 

critical window of exposure has not been looked at previously. Investigating the cause 

and effects of prenatal androgen exposure is crucial to the economics of the sheep 

industry because of the fertility consequences caused by such exposure (Kilgour, 1993).  

Ovine models have been developed to examine the long-term effects of prenatal 

androgen exposure and its impacts on fertility of offspring born to PCOS afflicted women 

(Recabarren et al., 2008).  In women with PCOS there are higher levels of circulating 

androgens (Sir-Petermann et al., 2002). During pregnancy the fetus is exposed to these 

androgens (Sir-Petermann et al., 2002). There have been many studies that look at the 

effect on female offspring but little work has been done on the effects on male offspring.  

In 2008, Recabarren and colleagues looked at the effect excess testosterone had on sperm 

count and motility in ram lambs. Ewes were injected intramuscularly with 30 mg of 

testosterone propionate (TP) at day 30 of gestation twice weekly for 60 days following 

pregnancy confirmation. This was followed by an additional intramuscular injection at an 

increased dose, of 40 mg, for another 30 days. The target period for this treatment was 

30-120 days of gestation.  The results yielded significantly lower body weights in 

testosterone proprionate treated males for the duration of the study (40 weeks), smaller 

scrotal circumference at 26 weeks and 40 weeks of age, reduced straight line velocity 

motility (VSL) and reduced sperm concentration (Recabarren et al., 2008).  In this study 

the critical period for prenatal androgens to have an effect on growth was determined to 
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be between 30-120 days of a 143 day gestation. Further research is needed to identify 

where in this window of time the androgen exposure is having the greatest impact. 

 

1.4.3 Depressed Function of the Hypothalamic Pituitary Gonadal Axis (HPG axis) 

 

In 2013, Recabarren and coworkers demonstrated the effects of prenatal androgen 

exposure in rams on pituitary-luteinizing hormone (LH) responsiveness and subsequent 

effects on testicular development and fertility as an animal model for PCOS. The protocol 

from the previous study (Recabarren et al., 2008) was used.   Ewes were injected 

intramuscularly with 30 mg of testosterone propionate (TP) twice weekly for 60 days 

following beginning on day 30 of gestation. This was followed by an additional 

intramuscular injection at an increased dose, of 40 mg, for another 30 days; the target 

period being 30-120 days of gestation.  Rams born to these ewes were the treatment 

group with a control group of rams born to ewes injected in a matched pattern with the 

carrier oil (Recabarren et al., 2013). 

Pituitary-gonadal responsiveness was evaluated via a gonadotropin releasing 

hormone (GnRH) analog test at 20 and 30 weeks of age. These two age categories were 

determined to be prepubertal and peripubertal respectively (Recabarren et al., 2008). 

Puberty for this study was defined as the presence of sperm cells in the ejaculate 

(Recabarren et al., 2013). Leuprolide acetate, the GnRH analog, was administered via an 

intravenous catheter placed in the jugular vein with blood samples collected prior to the 

challenge and again every thirty minutes for the first 3 hours to determine the acute 

responses of luteinizing hormone (LH) and testosterone (T) (Recabarren et al., 2013). 
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Analysis of the GnRH challenge test determined that prenatal androgen exposure 

at increasing levels over 90 days increases pituitary responsiveness to GnRH while 

decreasing testicular sensitivity after the onset of puberty (Recabarren et al., 2013) In the 

prepubertal testosterone proprionate exposed rams, basal levels of LH were higher than 

those of the control group and the acute LH response was significantly higher.  The long-

lasting effects persisted for twice as long as the control group, 18 hours versus 42 hours 

to return to basal LH levels. This LH response is an indication of the pituitary response to 

GnRH (Clarke and Cummins, 1985). Basal testosterone levels in prepubertal testosterone 

proprionate exposed rams were also higher than that of the control group. The timing of 

secretion of testosterone in response to the GnRH acting on the Leydig cells mimicked 

the LH secretion pattern with an acute phase and long-lasting effects, however there were 

no differences between the control and treatment groups (Recabarren et al., 2013).  

These findings suggest that pituitary responsiveness to GnRH is elevated in 

testosterone proprionate exposed rams by the GnRH receptor up-regulating itself 

(Recabarren et al., 2013). The amount of LH release is directly proportional to the 

number of GnRH receptors, an indicator of LH sensitivity (Evans et al., 1997). Therefore 

if the GnRH receptor is upregulated in testosterone proprionate exposed rams, then the 

amount of LH secretion would also be higher. This is likely why the basal LH level in 

testosterone proprionate exposed males is higher than control males. In addition to the up 

regulation of GnRH receptors, reduced estradiol negative feedback could also contribute 

to the increased secretion of LH. This estradiol-LH relationship has been documented in 

testosterone proprionate exposed female sheep, but not in rams (Robinson et al., 2012). 
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As a normal ram matures, the sensitivity to LH stimulation of the gonadal 

testosterone response increases over time (Recabarren et al., 2013). This means that the 

amount of testosterone secreted after LH stimulation, in response to the GnRH challenge, 

increases as the ram’s age. This was demonstrated by the increased acute secretion of 

testosterone in both postpubertal groups compared to prepubertal groups of this study. 

The acute testosterone responses to LH were not statistically different, whereas the 

overall testosterone secretion and long-lasting effects were less in the testosterone 

proprionate exposed group postpubertally (Recabarren et al., 2013). This means that the 

later portion of the gonadal testosterone response to LH stimulation that typically persists 

past 48 hours was down regulated, though the mechanism by which remains unclear.  

Overall the results of this study demonstrated that decreased sensitivity in the 

testosterone response of the testes to LH stimulation occurs in rams that are exposed to 

exogenous testosterone in utero (Recabarren et al., 2013). The LH stimulation is in 

response to the GnRH analog challenge, leuprolide acetate, acting on the anterior 

pituitary gland. GnRH secretion is regularly released as steady pulses in the male, 

whereas surge patterns develop in the maturing female and occur preovulatory due to the 

positive feedback effect of estradiol on the hypothalamus. The regulatory mechanism for 

the control male relies on the negative feedback of testosterone that is aromatized to 

estradiol in the brain (Naftolin et al., 1974). The aromatization hypothesis states that 

androgens in the brain are converted to estrogens by an enzyme, which thereby 

masculinizes the developing nervous system (Clemens, 2012). These regulatory 

mechanisms control the onset of puberty and therefore also control the hormonal 

responses to a GnRH challenge after the onset of puberty (Senger, 2012).  
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Luteinizing hormone pulses are a direct reflection of GnRH pulses from the 

hypothalamus stimulating the HPG axis (Senger, 2012). The pulsatile nature of LH is 

crucial to the function of Leydig cells. If LH secretion were constant, LH on receptors on 

the Leydig cells would down regulate and decrease their testosterone secretory response 

(Senger, 2012). Pulsatility serves to prevent the Leydig cells from becoming refractory. 

In this study the postpubertal LH pulses of the testosterone proprionate exposed rams 

reflects more similarly that of a female with LH surges rather than consistent steady 

pulses found in males (Recabarren et al., 2013). Consequences of this surge pattern may 

cause a series of events to follow that are seen more typically as a female response. 

When the GnRH challenge was repeated at 30 weeks of age the testosterone 

proprionate exposed rams in the Recabarren 2013 study they had a more normalized LH 

response despite their higher basal levels. The normalized response of the control rams to 

GnRH was half that observed at 20 weeks during the acute response phase and then 

tapering off around 24 hours (Recabarren et al., 2013). Though the testosterone 

proprionate exposed rams had this more normalized response, their LH acute phase 

response was significantly higher. Higher basal testosterone levels persisted into puberty 

for the testosterone proprionate exposed males, however there was no difference in the 

release of testosterone in the acute phase response to LH stimulation for either group 

(Recabarren et al., 2013).  Basal LH and testosterone levels were measured at the time of 

tissue harvest and were found to be similar to the postpubertal levels found in a study by 

Rojas-Garcia and colleagues (2010) that evaluated several aspects of the physiological 

changes of prenatal androgen exposure in gestating ewes (Rojas-Garcia et al., 2010). 
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The data from these studies suggest that there is an induction of reduced testicular 

responsiveness to LH stimulation in prenatally exposed testosterone proprionate rams 

indicating alterations or disruptions of the hypothalamic pituitary gonadal axis once the 

rams reach puberty (Rojas-Garcia et al., 2010; Recabarren et al., 2008; Recabarren et al., 

2013). 

Connolly and coworkers (2013) verified using sheep many aspects of the 

traditional testosterone proprionate maternal treatment model for PCOS in fetal tissue. 

The ewes in this study were injected biweekly with testosterone proprionate from day 62 

to 70, 90, and 102 days of gestation. Animals were harvested at day 70, 90, or 112. This 

last cohort was to determine what physiological effects occur after treatment has been 

stopped for 10 days. These maternally treated groups were also compared to those that 

were directly injected with testosterone proprionate, fetal injections occurring at day 62 

and 82, to determine if the levels that are being injected biweekly reflect those levels 

circulating in the fetus of PCOS mothers (Connolly et al., 2013). 

This study also looked at the effects of prenatal androgen exposure over various 

treatment time periods in both ovine sexes (Connolly et al., 2013). Female fetuses 

showed a statistically significant increase in circulating testosterone levels while there 

was no elevation in circulating testosterone of the males (Connolly et al., 2013). In male 

fetuses harvested from ewes treated with testosterone proprionate from day 62 to day 90, 

there was a significant increase in secretion of testosterone than in the control animals. 

Target cells (testis tissue) were directly treated with LH in vitro.  The testosterone 

response to LH in vitro treatment was significantly higher in the control group compared 

to the treatment group (Connolly et al., 2013). This suggests that the elevated basal 
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testosterone levels have a negative impact on LH responsiveness. There was also a clear 

reduction, 20 fold, in LHβ sub-unit gene expression as evidenced by the reduction of 

immunostained pituitary cells with maternal treatment with testosterone proprionate. 

Circulating LH concentrations were also reduced in maternally treated groups at day 70 

and day 90, however follicle-stimulating hormone FSH reduction was not evident at day 

70. The fetal pituitary is suppressed by testosterone in a negative feedback loop, 

demonstrating a normative response (Connolly et al., 2013).   

Interestingly, treatment with testosterone proprionate from gestation day 30 to day 

90 led to similar effects as those already documented for males of maternally treated 

testosterone proprionate ewes (Connolly et al., 2013). However, there was a significantly 

higher circulating level of testosterone compared to other testosterone proprionate treated 

animals indicating that an increase of treatment duration leads to chronically higher 

testosterone levels (Connolly et al., 2013; Rojas-Garcia et al., 2010; Recabarren et al., 

2008; Recabarren et al., 2013).  These studies showed how exposure to prenatal 

androgens could impair hypothalamic-pituitary-gonadal axis function (Figure 1.1).  

Administration of exogenous testosterone effectively raises serum testosterone levels and 

provides negative feedback to the pituitary. This causes inhibition of LH and FSH 

secretion. Decreased LH and FSH stimulation of the testes further inhibits 

spermatogenesis. Treatment with testosterone proprionate depressed the HPG axis and 

has been demonstrated with prolonged exposure (Rojas-Garcia et al., 2010; Recabarren et 

al., 2008; Recabarren et al., 2013) and during late gestation (Connolly et al., 2013), 

however the effects have not been looked at during the early part of gestation. 
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Figure 1.1: The hypothalamic–pituitary–gonadal axis in mammals and the impact of 

testosterone therapy and estradiol on spermatogenesis. (Roth et al., 2008) 
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1.4.4 Altered Cellular Distribution and Function 

 

In the Recabarren and colleagues study (2013), the testicular function of rams 

born to ewes exposed to prenatal androgens was evaluated using LH responsiveness to 

GnRH stimulation.  Similar to the 2008 study, rams were administered leuprolide acetate, 

a GnRH analog, via an intravenous catheter placed in the jugular vein.  Blood samples 

were collected prior to the challenge and then again every thirty minutes for the first 3 

hours to determine the acute responses LH and testosterone (Recabarren et al., 2013).  In 

this study testicular function was assessed using the responsiveness of testicular tissue to 

LH. Results showed a decrease in testosterone secretion of treated males compared to 

control males.  As rams age the expectation is that the sensitivity to LH will increase not 

decrease (Recabarren et al., 2013).  Reduced testicular secretion could result in reduction 

of function of the testis at the level of the Leydig cell (Rojas-Garcia et al., 2010). 

In another study, Rojas-Garcia and coworkers (2010) looked at the effects of FSH 

response to the GnRH analog rather than LH.  FSH primarily regulates the proliferation 

of gamete-producing cells, Sertoli and granulosa cells.  Sertoli cells in males are 

analogous to follicular granulosa cells in females in that they nurture the germ cells 

during proliferation and differentiation moving them from the basal compartment to the 

adluminal compartment of the seminiferous tubule as well as helping form the blood-

testis barrier (Senger, 2012).  

Basal levels of FSH were similar between the control and treatment groups prior 

to the GnRH challenge. The GnRH challenge was similar to other reports except they 

started at forty-weeks of age. Within the first three hours after the GnRH injection, the 
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acute FSH response of the testosterone proprionate exposed rams was significantly higher 

than in the control group (Rojas-Garcia et al., 2010). Upon histological evaluation of the 

tissue samples, the main differences between the control and treatment groups was the 

increased number of Sertoli cells per seminiferous tubule in the testosterone proprionate 

exposed males. However, the quantity of germ cells per tubule in all stages of 

development was lower than that of the control group (Rojas-Garcia et al., 2010). The 

higher number of Sertoli cells found in this study may be a result of the prenatal 

testosterone excess resulting in a greater proliferation of Sertoli cells. Sertoli cells 

influence testis formation in the embryo and spermatogenesis in the adult by regulating 

the immediate environment of the developing germ cells (Griswold, 1998). It has been 

shown that androgens have no direct effect on Sertoli cell number but can cause a marked 

increase in total germ cell number and, therefore, the number of germ cells per Sertoli 

cell (O'Shaughnessy, 2014). FSH is necessary for Sertoli cell proliferation and 

testosterone is necessary for preventing germ cell death (Rojas-Garcia et al., 2010). Due 

to the acute increased in FSH and the decreased testosterone could be why this study 

resulted in increased numbers of Sertoli cells but decreased numbers of germ cells. 

Higher levels of FSH in testosterone proprionate treated rams suggests increased 

Sertoli cell proliferation as a function of increased FSH response as evidenced by the 

histology of testicular tissue for this study. Other studies have demonstrated that prenatal 

androgen exposure lowers overall testosterone response to LH, with testosterone being 

vital to maintaining germ cells in the male (Recabarren et al., 2013). This reduced 

responsiveness to LH at the testicle is associated with changes in testicular size and 

altered cellular function and distribution of Sertoli within the testicle (Connolly et al., 
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2013). With lowered testosterone secretion, increased cellular death of these germ cells 

would be expected accounting for the decrease number of germ cells per seminiferous 

tubule in the testosterone proprionate males of Rojas-Garcia and coworkers’ study 

(2010). 

Fetal Leydig cells and adult Leydig cells have been identified and despite their 

differences they share the same principal function to produce androgens (Svechnikov et 

al., 2010). In a study by Connolly and coworkers (2013), Leydig cells were stained via 

immunohistochemistry for cytochrome P450 17alpha-hydroxylase/17,20-lyase (CYP 17) 

and steroidogenic acute regulatory protein (StAR). CYP 17 and StAR are genes 

expressed uniquely by Leydig cells in males both pre and post pubertal (Stocco, 2001; 

Svechnikov et al., 2010). StAR is one of the two major components of the mitochondrial 

cholesterol transport machinery in steroidogenesis (Stocco, 2001). CYP 17 is a key 

enzyme in the steroidogenic pathway that converts pregnenolone and progesterone to 

their 17-alpha-hydroxylated products and subsequently to dehydroepiandrosterone 

(DHEA) and androstenedione (Figure 1.2). It catalyzes both the 17-alpha-hydroxylation 

and the 17,20-lyase reaction (Svechnikov et al., 2010; Li et al., 2014). Connolly stained 

the tissues to evaluate any alterations to cell distribution within the interstitial space of 

the testicular tissue.  It was demonstrated that there was an altered distribution within the 

interstitial spaces of the testes.  CYP 17 and StAR positively stained Leydig cells were 

found along the lining of the seminiferous tubules of testosterone proprionate treated 

rams rather than being dispersed among the interstitial space as found in the control 

animals (Connolly et al., 2013). Not only was the Leydig cell distribution abnormal, the 

overall quantity of Leydig cells present was reduced in all testosterone proprionate 
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treated rams. It is important to note that when testosterone proprionate treatment is 

stopped, as was in the study for 10 days prior to collection at day 112, that the altered 

Leydig cell distribution resembles that of control animals. This plasticity of the testicle 

was accompanied by a reduction of LH after testosterone proprionate treatment was 

stopped while the basal testosterone levels remained elevated (Connolly et al., 2013).   

All of these studies showed that testosterone proprionate treated animals during gestation 

can alter cellular distribution and function. The effects of testosterone proprionate on 

Sertoli cell distribution were not evaluated in this study.  However, in other studies that 

looked at excess androgens during a critical period of development saw significant 

impact on seminiferous tubule formation and germ cell production, which could 

ultimately have negative effects on subsequent fertility (Bormann, 2011). 
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Figure 1.2: Steroidogenesis pathway. (Häggström, 2014) 
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1.4.5 Altered Gene Expression 

 

Hypogonadism is the term applied to any condition in which a male doesn't 

produce enough testosterone.  Hypogonadal males present with reduced fertility as a 

result of lowered testosterone (T) production when compared to non-hypogonadal males 

(Olivares et al., 2010). The consequences of lowered testosterone have previously been 

evaluated.  Rojas-Garcia (2010) examined the histology of mature male sheep testes and 

subsequent gene expression that directly impacts testis function in control and 

testosterone proprionate exposed males (Rojas-Garcia, 2010). The treatment males of this 

study were also prenatally exposed to testosterone proprionate from days 30 to 90 with 

30mg of testosterone proprionate in cottonseed oil and then increased to 40 mg from days 

90-120 of gestation of the ewe. This regimen has been demonstrated to simulate the 

secretion patterns of women afflicted with PCOS (Padmanabhan, 2006).  The target 

genes that have been evaluated for changes in response to prenatal androgen exposure are 

luteinizing hormone receptors (LHR), follicle stimulating hormone receptor (FSH-R), 

anti-Mullerian hormone (AMH), transforming growth factor receptor beta 1 (TbetaR-1), 

and several other transforming growth factors (TGFs), WT1, and POU5F1, CYP17, 

CYP11, and StAR  (Recabarren et al., 2008; Recabarren et al., 2013; Connolly et al., 

2013; Rojas-Garcia et al., 2010; Rojas-Garcia et al., 2013). 

It has been hypothesized that maternal testosterone proprionate treatment affects 

on the fetus may be less than is realized due to aromatization of the excess testosterone 

into estrogenic compounds by the placenta (Connolly et al., 2013). To examine this 
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possibility, direct fetal injection studies examined the effects of testosterone proprionate 

injections directly into the flank of the fetus were conducted. Three cohorts were injected 

at day 62 and 82 with TP, diethylstilbestrol (DES), or oil as a control.  The results of this 

demonstrated the typical trend of animals prenatally exposed to TP; reduced LHR 

expression, decreased StAR levels, elevated basal testosterone levels, reduced numbers of 

Leydig cells that colonize along the seminiferous epithelium, an increase of AR 

expression, and decreased responsiveness to LH stimulation at the gonad (Connolly et al., 

2013). The DES treatment did cause an increase in StAR expression not seen in 

testosterone proprionate treatment. This suggests that the excess maternal testosterone 

proprionate exposure is not being aromatized into estrogenic compounds and is directly 

affecting the fetus (Connolly et al., 2013). Connolly found no differences in testicular 

gene expression involved in the metabolic pathways of steroid hormones for either 

treatment group (Figure 1.2) (Connolly et al., 2013). Alternatively, Recabarren and co-

workers (2013) found that there was a lower expression of LH receptors (LHR) in their 

testosterone proprionate exposed males. This reduction of LHR within the Leydig cell 

may illustrate the mechanism of reduced testicular responsiveness to LH stimulation 

reflected at the GnRH analog challenge discussed earlier.   

The function of the blood testis barrier (BTB) is to prevent autoimmune reactions 

of the body from destroying the developing sperm cells. (Franca et al., 2011) One way 

that the integrity of this barrier is maintained is through Sertoli cells and the ligands 

connecting them (Piek et al., 1999). It is thought that these ligands are managed by 

cytokines, such as transforming growth factors-β (TGFβ) 1, 2, and 3 (Mullaney and 

Skinner, 1993). For this reason Rojas-Garcia evaluated these factors in conjunction with 
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FSH-receptors (FSH-R), AMH, Sertoli cell, and sperm cell numbers in the seminiferous 

tubules in response to the prenatal androgen exposure. (Rojas-Garcia et al., 2010) The 

study revealed mRNA expression of FSH-R was higher in testosterone proprionate 

exposed rams, but did not directly correlate to the number of Sertoli cells per tubule. 

There was no difference in AMH gene expression between groups, however TGFβ-1 was 

higher in the treatment group (Rojas-Garcia et al., 2010).  TGFβ-1 is associated with 

ligand expression of the Sertoli cells in forming the blood testis barrier. (Mullaney and 

Skinner, 1993). 

In the Connolly et al. (2013) study, significant decreases in StAR and CYP17 

gene expression were seen in maternally testosterone proprionate treated (day 70 and 90) 

rams. Reduced StAR and CYP17 gene expression was accompanied by decreases in LHR 

expression of the testis and an increase in androgen receptors (AR) in longer testosterone 

proprionate treated rams (day 90). There were no significant differences between the 

treatment and control groups for AMH or FSHR expression in these two groups 

(Connolly et al., 2013).  The significance of this is that AMH is a recognized marker of 

the Sertoli cell function 

 Connolly showed that at the cellular level, 10 days post treatment, the Leydig 

cells of the testosterone proprionate treated rams will redistribute and resemble the 

interstitial distribution similar to the control group. This cellular plasticity was also seen 

at the level of gene expression.  LHR, AR and FSHR were increased when actively being 

treated with testosterone proprionate but returned to control group levels by 10 days post 

treatment.  (Connolly et al., 2013).  This return to control group levels in gene expression 

supports the theory of Leydig cell plasticity. Connolly and colleagues pointed out that 
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there was also a significant decrease in the sperm cell marker POU5F1 expression and 

Sertoli cell marker WT1 when compared to later initiation of testosterone proprionate 

treatment (Connolly et al., 2013).  This suggests that exposure starting at day 30 may be a 

crucial time period affecting spermatogenesis that may or may not be reversed.  Although 

these findings showed that there is a return to control levels seen with later treatment, no 

studies have shown if there is a return when conducted during a shorter or earlier period 

of time.   

These differences in gene expression suggest that prenatal androgen exposure has 

a clear effect on cellular distribution, overall growth of the animal, and further 

implications for reduced fertility in the mature ram (Connolly et al., 2013; Rojas-Garcia 

et al., 2010). 

 

1.4.6 Fertility Consequences of Prenatal Androgen Exposure 

 

Prenatal exogenous androgen exposure, mainly testosterone propionate, in rams 

has been demonstrated to reduce overall growth, depress HPG axis function, alter gene 

expression, as well as change cellular distribution and function within the testes 

(Connolly et al., 2013; Recabarren et al., 2008;Recabarren et al., 2013; Rojas-Garcia et 

al., 2010). These effects of prenatal androgen exposure have been demonstrated in 

various studies on testicular function and are thought to impair potential fertility. 

Correlates of fertility include an overall physical exam, body condition score, 

scrotal circumference, and semen quality evaluation as discussed earlier in this review. 

The semen evaluation looks at the motility, morphology, and concentration of sperm cells 
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in the ejaculate.  Potential fertility is evaluated by examining these parameters in a 

comprehensive breeding soundness exam (BSE). Decreased body weight and scrotal 

circumference was demonstrated in mature rams at 42 weeks of age when prenatally 

exposed to testosterone proprionate at day 30-120 days of gestation (Recabarren et al., 

2008). Reduced body weight and scrotal circumference are known to have negative 

impacts on potential fertility (Russel, 1984; Braun et al., 1980). In addition to a smaller 

stature, the reduced scrotal circumference is associated with reduced spermatogenesis 

(Braun et al., 1980). Reduced spermatogenesis would suggest an overall decrease in the 

number of sperm produced by an animal and consequently reduced total sperm per 

ejaculate. 

Altered gene expression has been evidenced in several studies evaluating the 

effects of prenatal androgen exposure and suggest that there is suppression of the HPG 

axis and therefore decreased responsiveness to LH stimulation resulting in overall 

lowered levels of testosterone (Connolly et al., 2013; Recabarren et al., 2008; Recabarren 

et al., 2013; Rojas-Garcia et al., 2010). Testosterone is produced by the Leydig cells and 

aids the Sertoli cell in nurturing sperm cells during development (Rojas-Garcia et al., 

2010). Prenatal androgen exposure causes reduction in the number of Leydig cells and 

therefore the amount of testosterone produced is also decreased (Connolly et al., 2013). 

When testosterone levels are decreased, as is the case for rams prenatally exposed to 

testosterone proprionate, so is the overall sperm concentration despite an increase in the 

number of Sertoli cells (Rojas-Garcia et al., 2010). This suggests impaired function of the 

Sertoli cells. Lowered testosterone levels as consequence of prenatal androgen exposure 

has also been correlated with reduced straight line velocity (VSL) motility of ejaculated 
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sperm (Recabarren et al., 2008). Reduced motility would clearly impact a ram’s potential 

fertility in its lack of ability to locate and fertilize an ovum within the female 

reproductive tract.  

These effects of prenatal androgen exposure on potential fertility are evident 

when the exposure occurs in late gestation or for a prolonged period of time, for 60 days 

or more (Recabarren et al., 2008; Recabarren et al., 2013; Rojas-Garcia et al., 2010; 

Connolly et al., 2013). However, potential fertility effects were not evaluated in these 

studies when prenatal androgen exposure is isolated to early gestation.  Previous studies 

in other laboratories have demonstrated that the reproductive system in rams is also 

sensitive to disruptions in the hormonal environment of the fetus during development 

(Recabarren et al., 2008). In particular, excess androgen exposure during the critical 

period for sexual differentiation, 30-120 days of gestation, alters fetal testis development 

and reduces fertility in adult rams (Recabarren et al., 2008; Rojas-Garcia et al., 2010; 

Connolly et al., 2013). However, the gestational age of male fetuses at which they are 

most susceptible to disruption of fetal testis development by excess androgen exposure is 

unknown. 
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2 COMPARISON OF TWO ELECTROEJACULATION METHODS IN RAM 

 

2.1 Introduction  

 

A goal of the sheep producer is to select rams with the ability to impregnate most 

of the available females early in the breeding season (Carpenter, 1987). Up to 10 to 15 % 

of rams are of unsatisfactory reproductive breeding quality (Van Metre et al., 2012). If 

the goal is to impregnate all of the available females early in the breeding season then it 

is important to identify males that are potentially sub-fertile. 

Eliminating males with reduced potential fertility prior to the breeding season can 

improve economic returns. (Carpenter, 1987) When collecting semen from a ram by 

electroejaculation, the dogma is that it is necessary to use a different stimulation 

technique than that described for bulls. (Gunn, 1956; Edgar et al, 1956; Edgar, 1957) The 

objective of this study was to evaluate two electroejaculation techniques for collecting 

semen samples in rams. Our hypothesis was that the “bull method” of electroejaculation 

used to collect semen from a ram would yield results similar to the traditional “ram 

method”.  

 

 

2.2 Materials and Methods 

 

Suffolk and Dorset rams averaging 2 years old used in this study were part of a 

local flock. The rams were selected randomly and alternating methods were used on 
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every other ram. Rams were body condition scored and physical exams were performed. 

Scrotal contents were palpated for abnormalities and scrotal circumference was measured 

using a flexible measuring tape (ReliBull, Lane Manufacturing, Denver, CO. USA). 

Semen was collected with a Lane Pulsator IV Electroejaculator (Lane Manufacturing, 

Denver, CO, USA) using a rectal probe that was 171 mm in length and 25 mm in 

diameters (ElectroJac 1” ram probe, Lane Manufacturing). Rams (n=48) were 

electroejaculated using either the “bull” method (n=24) or the “ram” method (n=24). The 

“bull method” was defined as a pre-set program function was used that ran until a semen 

sample was collected. The “ram method” was defined as downward pressure applied with 

the probe around the area corresponding to the accessory sex glands and then massaged 

for 3–4 seconds during the rest period between stimulations.  The probe was then held 

stationary over the same area while a steady electrical stimulation was applied for 7 

seconds. This method was continued until a semen sample was collected. 

The ejaculate was collected into a styrofoam cup. Ejaculate volume was recorded 

and gross motility was assessed. Briefly, a drop of undiluted semen was placed on a glass 

microscope slide (VetOne, Boise, ID. USA) at room temperature and examined at 100X 

magnification on a regular compound light. Samples were evaluated using the guidelines 

set by the Society for Theriogenology (Table 3.1).  

A Mann-Whitney test was used to evaluate the impact of these methods on 

response time and amplitude of stimulus required for the rams to ejaculate. The effect of 

method used on classification was evaluated using a Fisher's exact test. Statistical tests 

were performed using R (version 3.0.2) and significance was defined as p<0.05. 
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2.3 Results 

 

There was significant difference in the time required for rams to ejaculate using 

the different methods. The “ram method” required an average of 45 [95% CI 15, 70] 

seconds longer to produce an ejaculate than with the “bull” method. There was no 

significant difference in the amplitude of electrical stimulation required between methods 

or between how the animal was classified (questionable or satisfactory). There were no 

“exceptional” classifications in either group of rams. Age and breed had no significant 

effect on classification, either alone or in combination with either method. It is also 

important to note that all of the rams ejaculated using both methods. (Table 2.1 and 2.2) 
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Ram 
# 

Age 
(Mons) Breed 

Scrotal 
Palpation 

SC 
(Cm) 

% 
Motility 

% 
Norm 

Morph 
1° 

Abnorm Classification BCS Type Time Amp 
2° 

Abnorm 
1 48 dorset normal 38 70 88 10 s 3 s1 3min 10sec 5 2 
2 36 suffolk normal 33 75 54 1 s 3 s2 3min 5 45 
3 12 suffolk normal 27 85 86 8 q 3 s1 1min 20sec 6 6 
4 48 dorset normal 36 85 93 6 s 3 s2 2min 06sec 5 1 
5 36 suffolk normal 35 95 91 4 s 3 s1 1min 30sec 3 5 
6 48 dorset normal 30 50 77 18 q 2.5 s2 3min 40sec 9 5 
7 48 dorset normal 36 90 91 9 s 2.5 s1 2 min 7 0 
8 24 dorset normal 37 30 70 24 s 2.5 s2 1min 45sec 4 6 
9 36 dorset normal 31 30 56 6 q 3 s1 1min 15sec 5 38 

10 18 dorset normal 32 30 70 24 s 2.5 s2 2min 30sec 6 6 
11 12 suffolk normal 29 30 46 8 q 3 s1 1min 15sec 7 46 
12 12 suffolk normal 26 30 57 11 q 2 s2 2min 5sec 7 32 
13 12 suffolk normal 27 30 68 9 q 2.5 s1 2 min 5 23 
14 36 dorset normal 39 30 15 32 q 3 s2 1min 20sec 6 53 
15 36 suffolk normal 34 45 79 15 s 2.5 s1 2min 50sec 6 6 
16 36 suffolk normal 31 80 89 8 q 2.5 s2 2min 15sec 6 3 
17 36 dorset normal 27 30 25 4 q 2.5 s1 1min 20sec 6 71 
18 36 dorset normal 37 40 81 17 s 2.5 s2 1min 35sec 5 2 
19 24 dorset normal 32 30 35 16 s 2.5 s1 2min 5sec 5 49 
20 36 suffolk normal 37 90 91 7 s 2.5 s2 1min 20sec 5 2 
21 24 dorset normal 35 85 85 9 s 3 s1 2min 5 6 
22 24 dorset normal 35 40 55 25 s 2.5 s2 1min 3 20 
23 42 dorset normal 32 70 52 18 s 2.5 s1 2min 50sec 6 30 
24 36 suffolk normal 32 30 21 8 q 2.5 s2 45sec 3 71 

 

Table 2.1: Part I: Data collected using BSE criteria for rams under the SFT Guidelines (Bulgin, 1992) 
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Ram 
# 

Age 
(Mons) Breed Scrotal 

Palpation 
SC 

(Cm) 
% 

Motility 

% 
Norm 

Morph 

1° 
Abnorm Classification BCS Type Time Amp 2° 

Abnorm 

25 12 suffolk normal 30 30 46 11 q 2.5 s1 1min 15sec 5 43 
26 12 suffolk normal 30 90 79 10 s 2.5 s2 1min 30sec 4 11 
27 12 suffolk normal 32 30 50 42 s 2.5 s1 1min 40sec 5 8 
28 12 suffolk normal 29 30 29 38 q 2.5 s2 1min 45sec 4 33 
29 24 dorset normal 33 90 95 4 s 3 s1 1min 4 1 
30 36 dorset normal 36 30 21 11 q 3 s2 3min 15 sec 5 68 
31 24 dorset normal 33 30 30 3 q 3 s1 1min 35sec 4 67 
32 29 suffolk normal 29 80 79 8 q 2.5 s2 1min 15sec 5 13 
33 18 suffolk normal 26 70 45 5 q 2.5 s1 1min 55sec 5 50 
34 18 dorset normal 30 30 81 15 q 2.5 s2 2min 45sec 6 4 
35 12 dorset normal 32 85 45 2 q 2.5 s1 45sec 3 53 
36 12 suffolk normal 28 30 41 58 q 3 s2 2min 3 1 
37 12 suffolk normal 31 40 74 6 s 2.5 s1 50sec 2 20 
38 36 dorset normal 29 30 45 9 q 2 s2 2min 45sec 3 46 
39 18 suffolk normal 36 75 86 5 s 2.5 s1 1min 35sec 3 9 
40 12 suffolk normal 30 80 76 8 s 3 s2 45sec 2 16 
41 30 suffolk normal 36 50 77 17 s 2.5 s1 1min 2 6 
42 36 dorset normal 40 30 56 6 s 2.5 s2 1min 4 38 
43 12 suffolk normal 29 75 63 21 q 2.5 s1 1min 55sec 4 16 
44 42 dorset normal 33 90 75 8 s 3 s2 50sec 4 17 
45 24 suffolk normal 33 40 98 2 s 2.5 s1 2min 15sec 4 0 
46 12 suffolk normal 34 60 86 6 s 3 s2 2min 20sec 5 8 
47 36 dorset normal 34 35 70 14 s 2.5 s1 50sec 5 16 
48 12 suffolk normal 29 80 86 3 q 25 s2 1min 40sec 4 11 

 

Table 2.2: Part II: Data collected using BSE criteria for rams under the SFT Guidelines (Bulgin, 1992) 
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BSE Criteria for Rams 

 
Questionable Satisfactory Exceptional 

Scrotal Circumference 
(8-14 months) <30 28-36 >36 

Scrotal Circumference 
(>14 months) <32 32-40 >40 

Progressive Motility % 10-30 30-70 70-100 

Normal Morphology % 
Morphology (%Normal) 30-50 50-80 >80 

 
Table 2.3: Breeding soundness examination criteria for rams. Note: all rams must also be 

negative for Brucella ovis. (Bulgin, 1992) 
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2.4 Discussion 

 

The objective of this study was to determine if electroejaculation protocols need 

to vary between two ruminant species. There was no advantage to the Ram method.  In 

fact it was slower and produced the same quality of sample.  In closing, based on this 

particular group of rams, the “ram method” or “bull method” produced similar results 

with respect to efficacy of the method to produce a semen sample and quality of the 

samples collected when performing a breeding soundness exam.  
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3 EFFECT OF EARLY PRENATAL ANDROGEN EXPOSURE ON RAM 

FERTILITY, TESTIS HISTOMORPHOMETRY AND GENE EXPRESSION 

 

3.1 Introduction 
 

Prenatal exposure to excess androgens, testosterone in particular, has clear effects 

on potential ram fertility. Previous studies have examined the critical period for prenatal 

androgen exposure on testicular development from day 30 to day 120 of gestation. Fetal 

exposure to excess androgens may result in physiologic deficits (Recabbaren et al., 2008; 

Recabbaren et al., 2013; Rojas-Garcia et al., 2010). Decreased scrotal circumference, 

sperm motility, sperm concentration and body weight have been reported in male 

offspring born to ewes that were treated with testosterone proprionate (TP) from day 30 

to day 120 of gestation (Connolly et al., 2013; Recabbaren et al., 2008; Recabbaren et al., 

2013; Rojas-Garcia et al., 2010). In addition, hypothalamic pituitary gonadal axis (HPG 

axis) dysfunction, and morphologic changes within the testes with corresponding altered 

gene expression have been documented (Connolly et al., 2013: Recabbaren et al., 2008; 

Recabbaren et al., 2013; Rojas-Garcia et al., 2010).   

Morphologic changes within the testis can be associated with testicular function 

and fertility of the mature ram (Enciso et al., 2011). Excess prenatal androgen exposure 

can alter Leydig cell distribution within the testes, increase Sertoli cell numbers in 

response to the dysregulated HPG axis, and reduce sperm motility and concentration 

(Rojas-Garcia et al., 2010; Connolly et al., 2013).  

Previous studies have evaluated the exposure of testosterone proprionate for long 

durations during the entire length of the critical period of testicular development (from 
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day 30 to day 120 of gestation) (Connolly et al., 2013; Recabbaren et al., 2008; 

Recabbaren et al., 2013; Rojas-Garcia et al., 2010).  Therefore, the objective of the 

current study was to determine the effects of prenatal androgen exposure over a brief 

duration early in the critical period of testicular development. We hypothesized prenatal 

treatment with testosterone proprionate between day 30 to 60 of gestation will: 1) reduce 

adult body weight and scrotal circumference; 2) decrease sperm motility, concentration, 

viability, and normal morphology; 3) testosterone proprionate increase Leydig and Sertoli 

cell numbers within the seminiferous epithelium; and 4) testosterone proprionate increase 

AMH, StAR, and CYP17 gene expression. 

 

3.2 Materials and Methods 
 

3.2.1 Animals and Treatments 

 

All animal procedures were approved by the Oregon State University Institutional 

Animal Care and Use Committee (ACUP #4331).  Timed pregnant ewes (Ovis aries) of 

mixed Western breeds were bred at the sheep facility at Oregon State University. 

Pregnant ewes were injected intramuscularly twice weekly with 100 mg testosterone 

proprionate (TP) (Steraloids Inc., Newport, RI) in 2 ml of corn oil from day 30 to day 60 

of gestation. Control pregnant ewes were intramuscularly injected with only 2 ml of corn 

oil during the same gestational periods. Testosterone proprionate is a long-acting 17-

alkylated derivative of testosterone, which is hydrolyzed before acting (Murad and 

Haynes, 1985) This androgen dose has been used previously to masculinize female 

fetuses and produces concentrations of testosterone in the fetus approximately twice that 
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of control male fetuses (Roselli et al., 2007; Birch et al., 2003). Lambs were born 

beginning in February 2013 through April 2013.  There were 12 ram lambs born to 

testosterone proprionate treated ewes and 12 ram lambs born from vehicle-treated control 

ewes.   

At 18 months of age, breeding soundness examinations (BSEs) were conducted to 

assess potential fertility of control and testosterone proprionate treated rams (see next 

section). Rams were then humanely euthanized with an overdose of pentobarbital 

(Euthasol, Virbac Animal Health, Fort Worth, TX, USA) and two 1 cm3 biopsies from 

each testis were obtained for additional testing. 

 

3.2.2 Breeding Soundness Exam (BSE) 

 

For all procedures, the examiners were blind to treatment groups. Rams were 

weighed, body condition scored, and physical exams performed. Scrotal contents were 

palpated for abnormalities and scrotal circumference was measured using a flexible 

measuring tape (ReliBull, Lane Manufacturing, Denver, CO. USA). Semen was collected 

with a Lane Pulsator IV Electroejaculator (Lane Manufacturing, Denver, CO, USA) with 

a preset program function (Table 2.1) using a rectal probe that was 171 mm in length and 

25 mm in diameters (ElectroJac 1” ram probe, Lane Manufacturing). The ejaculate was 

collected into a styrofoam cup and then transferred into a 2 ml polypropylene self-

standing tube with O-ring seal (Simport, Beloeil, Quebec, Canada). 

Ejaculate volume was recorded and gross motility was assessed. Briefly, a drop of 

undiluted semen was placed on a pre-warmed glass microscope slide (VetOne, Boise, ID. 
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USA) and examined at 100X magnification on a compound light microscope (Nikon, 

Melville, New York. USA). An additional drop of semen was used to evaluate sperm 

morphology using live-dead stain (eosin-nigrosin). Briefly, 100 sperm cells were 

examined using bright field light microscopy at 1000X magnification under oil 

immersion to determine percentage of normal sperm. Morphological abnormalities were 

categorized (primary vs. secondary) according to Society for Theriogenology (SFT) 

Guidelines. (Bulgin, 1992) A single observer blinded to the treatment groups evaluated 

both sperm motility and morphology.  

Semen concentration and viability were determined using a NucleoCounter SP-

100 (ChemoMetic A/S, Allerod, Denmark). Briefly, sperm cell membranes were 

disrupted in a detergent solution, the DNA was labeled with propidium iodide, and then 

the sample loaded into specialized cassettes and inserted into the counter. A fluorescent 

beam is passed through the sample and internal software computes the sperm 

concentration.  Viability is determined by repeating the process in PSS and the difference 

between total and viable sperm used to compute percent viable.  

Each ram’s potential fertility was classified on the basis of scrotal circumference, 

sperm motility, and sperm morphology according to the SFT Guidelines (Table 2.2).  
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Table 3.1: The preset program function illustrating the incremental voltage increases of 

the Lane Pulsator IV Electroejaculator (Lane Manufacturing, Denver, CO. USA). 
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BSE Criteria for Rams 

 
Questionable Satisfactory Exceptional 

Scrotal Circumference 
(8-14 months) <30 28-36 >36 

Scrotal Circumference 
(>14 months) <32 32-40 >40 

Progressive Motility % 10-30 30-70 70-100 

Normal Morphology % 
Morphology (%Normal) 30-50 50-80 >80 

 
Table 3.2: Breeding soundness examination criteria for rams. Note: all rams must also be 

negative for Brucella ovis. (Bulgin, 1992) 
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3.2.3 Histomorphometry and Immunohistochemistry 

 

One testicular biopsy from each testis was fixed in 10% neutral buffered formalin 

and paraffin embedded. Serial 4 µm sections were cut from paraffin blocks and mounted 

on positively charged slides. Hematoxylin and eosin staining was performed on a GLX 

linear stainer (Thermo Scientific, Waltham, MA, USA) and then the slides were 

coverslipped with Cytoseal™ XYL (Thermo Scientific, #8312-4).  The seminiferous 

epithelium was examined using a Leica Systems Microscope under a 200X 

magnification. Images of representative sections were digitally captured. A single 

observer (AM) blinded to the treatments performed the histomorphometry. Five 

seminiferous tubules were randomly selected and then two perpendicular diameter 

measurements were made across the tubule (Figure 2.1).  These diameters were recorded 

and then were averaged to yield a single mean diameter for each testis. A single observer 

(KP) blinded to the treatments performed the Yoshida scoring for spermatogenesis (Table 

2.3; Yoshida et al., 1997) and Leydig cell density and morphology scoring (Donovan et 

al., 2013).  Leydig cell density was scored on a 0-3 scale: 0 = no cells present; 1 = 

scattered/few cells present; 2 = moderate number of cells present; 3 = densely packed 

within the interstitium.  Leydig cell morphology was scored on a 0-3 scale: 0 = normal; 1 

= mild changes; 2 = moderate changes; 3 = several changes. 

Vimentin immunohistochemistry was performed on an adjacent section. Briefly, 

slides were deparaffinized in xylene and rehydrated in a graded ethanol series (100%, 

95%, 80%) to distilled water.  Antigen retrieval was accomplished with a pressure cooker 

(Viking Ware tender cooker, Nordic Ware, Minneapolis, MN, USA) heated until pressure 
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was achieved (5 psi) and then treated under pressure for 10 minutes in modified citrate 

buffer (pH 6.1) (Target Retrieval Solution, Dako North America, Inc., Carpinteria, CA, 

USA) followed by 20 minutes of cooling at room temperature to expose epitopes.  

Immunohistochemical experiments were performed using an automatic stainer 

(Autostainer Universal Staining System, Dako).  Endogenous peroxidase activity was 

inhibited by pre-treating the slides with 3% hydrogen peroxide.  
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Figure 3.1: The seminiferous epithelium was examined using a Leica Systems 

Microscope under a 200X magnification. Electronic images of representative samples 

were digitally captured. A single observer (AM) blinded to the treatments performed the 

histomorphometry. Five seminiferous tubules were randomly selected and then two 

perpendicular diameter measurements were made across the tubule. (A: control; B: 

testosterone proprionate treated). 
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Yoshida Scoring Method 

Score Criteria 

12 Many later spermatids or spermatozoa (≥10) present 

11 Only a few late spermatids or spermatozoa (<10) present 

10 
No spermatozoa and no late spermatids, but many round spermatids (≥10) 
present 

9 
No spermatozoa and no late spermatids, but only a few round spermatids 
(<10) present 

8 
No spermatozoa and no spermatids, but many secondary spermatocytes 
(≥10) are present 

7 
No spermatozoa and no spermatids, but only a few secondary spermatocytes 
(<10) are present 

6 
No spermatozoa, no spermatids, no secondary spermatocytes, but many 
primary spermatocytes (≥10) present 

5 
No spermatozoa, no spermatids, no secondary spermatocytes, but only a few 
primary spermatocytes (<10) 

4 
No spermatozoa, no spermatids, no spermatocytes, many spermatogonia 
(>10) present  

3 Only germ cells present are a few spermatogonia (<10) present 

2 Absence of germ cells, but Sertoli cells are present 

1 Total absence of cells in tubular section  

  
 
Table 3.3: The criteria used for scoring changes within the seminiferous epithelium of 

rams that were treated with testosterone proprionate or untreated. (Yoshida et al., 1997) 
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peroxide for 10 minutes.  After rinsing with a washing buffer TBST (TWB945M, Biocare 

Medical, city, state), the sections were incubated with a serum free protein block 

(#X0909, Dako) for 10 minutes at room temperature to prevent nonspecific binding 

reactions.   

Primary monoclonal antibody (clone-Vim 2B4, Dako North America, Inc., 

Carpinteria, CA) diluted 1:500 in a commercial antibody diluent with a background 

reducing component (#S3022, Dako) was applied to the slide and incubated at room 

temperature for 30 minutes.  A universal anti-mouse (#N1698, Dako) was used as the 

negative control on an adjacent section.  Samples were incubated with the secondary 

antibody (MaxPoly-One polymer HRP mouse, ImmunoBioScience, #IH-8064, Mukilteo, 

WA) for 10 minutes at room temperature and again washed in TBST.  Finally, peroxidase 

activity was detected with NovaRED (#SK-4800, Vector Laboratories, Burlingame, CA) 

for 5 minutes at room temperature.  The sections were washed twice in distilled water 

(dH2O) and counterstained with hematoxylin (#S3302, Dako) diluted 1:3 in dH2O for 5 

minutes.  The slides were then washed in dH2O.  Finally, the tissue was dehydrated in a 

graded ethanol series (95%, 95%, 100%, 100%) to xylene and coverslips were mounted 

(Richard-Allan Scientific Cytoseal XYL, Thermo Fisher Scientific, Rockford, IL).  A 

single observer (AM) blinded to the treatments performed the Sertoli cell counts from the 

vimentin stained sections. Ten seminiferous tubules were randomly selected and the 

Sertoli cells were counted using the multi-point tool in ImageJ software (U.S. National 

Institutes of Health 1997-2014). A Sertoli cell was counted when an outline of the stained 

cell was apparent (Figure 2.2) 
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Figure 3.2: A single observer (AM) blinded to the treatments performed the Sertoli cell 

counts from the vimentin stained sections. Ten seminiferous tubules were randomly 

selected and the Sertoli cells were counted using the multi-point tool in ImageJ software 

(U.S. National Institutes of Health). A Sertoli cell was counted when an outline of the 

stained cell was apparent.  (A: control; B: testosterone proprionate treated) 

  

B 
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3.2.4 Polymerase Chain Reaction (PCR) 

 
The remaining testicular biopsy was cut into approximately 0.5cm3 sections and 

stabilized in RNALater solution (AM7020, Ambion Life Technologies, Carlsbad, CA, 

USA) and stored overnight at 4°C.  The tissue sections were then blotted with absorbent 

tissue and archived at -20°C until the time of RNA isolation. Total RNA was isolated 

using an RNAqueous-4PCR kit (AM1914, Invitrogen, Carlsbad, CA, USA) following the 

manufacturer’s instructions.  RNA sample concentration and purity was then determined 

by spectrophotometry using a NanoDrop 1000 3.7 (Thermo Fisher Scientific, 

Wilmington, DE, USA).  

 

3.2.5  Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (Real-

Time qRT-PCR) 

 

The gel was prepared by heating 1.2g agarose in 78ml water until dissolved, then 

cooled to 60°C. Next 5ml 20X MOPS (BP308 Fisher Scientific, Fair Lawn, New 

Jersey) running buffer and 17ml 37% formaldehyde (12.3 M) were added and the gel 

poured using a comb to form wells. The gel was then placed in the electrophoresis tank 

and covered with enough 1X MOPS running buffer to cover the gel by a few millimeters. 

The comb was then removed. The RNA sample is prepared by adding ethidium 

bromide (E-7637, Sigma-Aldrich, St. Louis, MO) to the Formaldehyde Load Dye 

(AM8556, Life Technologies, Carlsbad, CA). It was important to use the same amount of 

ethidium bromide in all the samples because ethidium bromide concentration affects 

RNA migration in agarose gels. 
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The denatured samples are heated at 65-70°C for 5-15 min. The gel is then loaded 

and was electrophorese at 5-6 V/cm until the bromophenol blue (R0611, Ambion Life 

Technologies, Carlsbad, CA, USA) migrated at least 2-3 cm into the gel, or as far as 

2/3 the length of the gel. The gel was then placed on a FisherBiotech™ Ultraviolet 

Transilluminator (FBTIV88AQ Fisher Scientific, Pittsburgh, PA, USA) to assess the 

sample. The intact total RNA run on a denaturing gel will have sharp 28S and 18S rRNA 

bands.  The 28S rRNA band should be approximately twice as intense as the 18S rRNA 

band (Figure 2.3).  

RNA was reverse transcribed to cDNA using Oligo dT primers with the First 

Strand Superscript III Kit (18080-051 Invitrogen, Carlsbad, CA. USA) following the 

manufacturer’s instructions.  Real time PCR reactions were run in triplicate for each 

sample using PowerSYBR Green Master Mix (4367659 Invitrogen, Carlsbad, CA. USA).  

Primer sets (Table 2.4) for ovine StAR, AMH, and CYP17 genes were specifically 

designed to cross exon junctions using Clone Manager software ver. 8 (Sci-Ed Software, 

Cary, NC).  All reactions were run on the QuantStudio 7 Flex Real-Time PCR System 

(Applied Biosystems, Life Technologies). The primer efficiencies were ≥87% for all 

primer pairs and all melting curves showed a single peak (insuring that only one gene 

product was amplified and no contamination). Quantification of gene expression was 

performed by the relative standard curve method, normalized against the reference gene 

GAPDH and reported as the fold difference relative to the mean expression level in the 

testis tissue of pooled control treated rams. 
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Figure 3.3: Representative images from gel electrophoresis of qualitative polymerase 

chain reactions. Left lane: 1 Kb ladder and 347, 318 and 336 are ram identification 

numbers. The 18S and 28S ribosomal RNA bands are clearly visible in the intact RNA 

sample. 
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Table 3.4: Primer sequences used in real-time qRT-PCR  

  

Gene Sense Antisense Amplico
n Length Accession # 

AMH CGCTGCTGGTG
TTGTACCC 

AGGCCAGGAA
GTCCGAGTC 

108 XM_004009377.1 

STAR GCATCCTCAAA
GACCAGGAG 

CTTGACACTGG
GGTTCCACT 

193 NM_001009243.1 

CYP17A AGACATATTCC
CTGCGCTGA 

GCAGCTTTGAA
TCCTGCTCT 

215 NM_001009483 

GAPDH GGCGTGAACC
ACGAGAAGTA
TAA 

AAGCAGGGAT
GATGTTCTGG 

229 NM_001034034 
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3.3 Statistical Analysis 
 

All data are reported as mean ± standard deviation (SD). BSE parameters and cell 

associations of seminiferous epithelium were assessed for normality using Kolmogorov-

Smirnov Test with Dallal-Wilkinson-Lille for P-Value. Normally distributed data were 

analyzed using a two-tailed, non-parametric T Test. Data not normally distributed were 

analyzed with a Mann-Whitney T-Test (Respiration Rate, Semen Volume, % Viable 

Motility Score, and Primary Morphologic Abnormalities).  Data represented by percent 

were arcsine transformed before analysis; all analysis was completed using GraphPad 

Prism 6.03 (GraphPad Prism software, LaJolla, CA). (p<0.05) was considered significant 

for all analyses.  

Statistical analysis of qRT-PCR was performed using the Students t-Test using 

Microsoft © Excel.  The test was calculated with a two-tailed distribution and assumes 

equal variance.  Significance was defined as (p<0.05). 

 

3.4 Results 
 

Ram weight and body condition score did not differ between treatment groups 

(Table 2.5). No abnormalities were observed on physical and scrotal examinations of the 

rams in either group (data not shown). However, scrotal circumference was lower in 

testosterone proprionate treated animals (p=0.0452).  Ejaculate volume, gross motility, 

normal morphology and sperm viability did not differ between groups (Table 2.5). 

However, total sperm concentration was reduced by 32% in the testosterone proprionate 

group when compared to the control group (p=0.0336).  Using the SFT Guidelines, 75% 
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(9/12) of the control rams were found to be satisfactory as potential breeders, whereas 

only 41.7% (5/12) of the treated rams were found to be satisfactory as potential breeders. 

The histomorphometry results are summarized in Table 2.6. Seminiferous tubule 

diameter did not differ between groups (p=0.6959). In addition, spermatogenesis as 

scored using the Yoshida method did not differ between treatment groups (p>0.9999). 

The Leydig cell density did not differ between groups (p = 0.4920). The Leydig cell 

morphology did not differ between groups (p>0.9999). The Sertoli cell counts 

(p=0.6093) did not differ between groups. 

All of the RNA samples were intact on the basis of 28S and 18S band 

comparison. The qtRT-PCR results showed no difference in StAR, CYP 17 and AMH 

expression between the two treatment groups. (p = 0.3671, p = 0.4585, p = 0.2036, 

respectively) (Table 2.6, Figure 2.4).   
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  CONTROL TREATMENT  
  Mean SD Mean SD P-Value 
Body Condition Score 3.313 0.49 3.214 0.6419 0.6693 
Body Temperature 103.8 0.7622 104 0.7636 0.4131 
Heart Rate 110.3 20.73 105.3 17.83 0.5106 
Respiration Rate 75.83 17.21 67.43 38.47 0.1199 
Weight (kg) 84.68 9.117 86.95 10.46 0.5648 
*Scrotal Circumference (cm) 32.15 2.093 30.38 2.162 0.0452 
Collection time (s) 225.8 60.18 223.7 46.87 0.7898 
Amplitude on Pulsator IV 6.5 0.9045 6.214 0.8018 0.2741 
Semen Volume 1.133 0.5382 1.479 0.5794 0.1187 
*Total Sperm Concentration 3694 1320 2536 1295 0.0336 
Non-Viable 1103 675.6 1152 864 0.8762 
% Viable 68.69 15.37 56.89 19.36 0.3021 
Motility Score 2.833 0.5774 2.429 0.8516 0.1696 
Morphology Primary Abnormalities 0.8333 1.115 0.7143 0.8254 > 0.9999 
Morphology Secondary Abnormalities 16.17 7.107 16.86 9.347 0.8362 
% Normal 83 7.385 82.43 9.18 0.9333 

 

Table 3.5: Mean Standard Deviation Analysis of BSE fertility parameters. * Indicates significant results 
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  CONTROL TREATMENT  
  Mean SD Mean SD P-Value 
Left Seminiferous Tubule Diameter (AVG) 195 18.11 198.6 29.78 0.7779 
Right Seminiferous Tubule Diameter (AVG) 194.9 20 191.7 24.24 0.7869 
Left Seminiferous Tubule Circumference 612.1 56.85 623.5 93.49 0.7779 
Right Seminiferous Tubule Circumference 611.8 62.8 601.9 76.11 0.7869 
Sertoli Cell 10 Random Left (AVG) 25.11 1.925 25.63 2.151 0.6318 
Sertoli Cell 10 Random Right (AVG) 25.33 1.611 25.49 0.91 0.8196 
qtRT-PCR - StAR 28.14 1.278 27.49 0.815 0.3671 
qtRT-PCR – CYP-17 24.33 0.867 24.05 0.611 0.4585 
qtRT-PCR - AMH 29.68 0.620 29.34 0.570 0.2036 
Spermatogenesis Left 11.86 0.353 11.86 0.353 > 0.9999 
Spermatogenesis Right 11.86 0.353 11.86 0.353 > 0.9999 
Leydig Cell Density Left 1.00 0.534 1.00 0.534 0.6845 
Leydig Cell Density Right 1.13 0.641 1.13 0.353 0.5983 
Leydig Cell Morphology Left 0.00 0.00 0.00 0.00 > 0.9999 
Leydig Cell Morphology Right 0.00 0.00 0.00 0.00 > 0.9999 

 

Table 3.6: Mean Standard Deviation Analysis of cell associations of seminiferous epithelium 
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Figure 3.4: Amplification graphs of qtRT-PCR data. These graphs demonstrate there is 

no discernable difference between the two treatment groups. 
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3.5 Discussion 

 

The reproductive system in rams is sensitive to disruptions of the hormonal environment 

of the fetus during development. (Recabarren et al., 2008) Specifically, excess androgen 

exposure during the critical period for sexual differentiation, days 30-120 of gestation, 

alters fetal testis development and reduces fertility in adult rams.  (Recabarren et al., 

2008; Rojas-Garcia et al., 2010; Connolly et al., 2013) The specific gestational age within 

this critical period when they are most susceptible to disruption of fetal testis 

development by excess androgen exposure remains unknown.  The current study 

examines the effects of excess androgens during the early critical period for fetal testis 

development (Days 30 to 60) to see if testis development and fertility was altered later in 

life. 

The significant findings in the current study were a decrease in scrotal 

circumference and a decreased in sperm concentration in the testosterone proprionate 

treated males. These findings were consistent with that of previous studies. (Recabarren 

et al., 2008; Rojas-Garcia et al., 2010; Connolly et al., 2013)  However, what is notable 

about this study is what was not found in our results. In previous studies they also looked 

at sperm motility, Sertoli cell counts, AMH expression and body weight. (Recabarren et 

al., 2008; Rojas-Garcia et al., 2010; Connolly et al., 2013) The lack of changes in these 

parameters in the current study could result from testosterone proprionate exposure 

during day 60 to 120 rather than during day 30 to 60 of testes development. 

In the current study, sperm motility results were not affected by testosterone 

proprionate exposure, which differed from Recabarren and colleagues (2008).  In the 
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current study, the motility was accessed using traditional methods described by the 

Society for Theriogenology, whereas it was assessed using a CASA system in the latter 

study. Therefore, it is not clear whether the difference in results arose from differences in 

methodology or from a difference due to testosterone proprionate exposure during the 

critical period.   

Rams exposed to testosterone proprionate during their fetal life are characterized 

by a higher number of Sertoli cells in the seminiferous tubules (Recabarren et al., 2008; 

Rojas-Garcia et al., 2010).  In the study they conducted in 2010 they found that in rams 

treated prenatally with excess testosterone exhibited higher concentrations of FSH and an 

increase number of Sertoli cells. In the most recent study by this group, their findings 

again showed an increased number of Sertoli cells. They hypothesized that this increase 

leads to altered testicular development (Rojas-Garcia et al., 2013). The significant 

findings in the current study did not support the previous published results.   

An area that has not been investigated yet is the role of testosterone proprionate 

on fetal thyroid development and how this could affect testicular development and body 

growth/composition.  The results from studies administering testosterone proprionate 

from 30-120 day show effects that could be attributed to alterations in fetal thyroid 

development. 

 

3.6 Conclusion 

 

Our findings did not fully support the hypothesis that treatment of pregnant ewes 

between 30-60 days of gestation with testosterone proprionate would result in significant 
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changes in laboratory based fertility parameters of the male fetuses when they become 

sexually mature rams compared to rams from untreated control ewes   However the 

findings did support that the body weight and scrotal circumference of the rams from 

pregnant ewes treated with testosterone proprionate at 30-60 days gestation will be 

smaller in size. Although there was no significant weight difference we did see a 

significant difference in scrotal circumference.  The treated group also had the same body 

weight to scrotal circumference ratio compared to rams from control ewes as we 

expected. Based on previous studies done on pre-natal androgen exposure we expected 

that there would be alterations of cell associations of seminiferous epithelium (Leydig 

and Sertoli cells) and alterations in expression of specific testicular function genes in 

rams from testosterone proprionate treated ewes compared to control rams and there were 

not.  This study also suggests that the fetal HPG axis system is resilient and not 

particularly vulnerable to endocrine perturbations. 

The novel findings from this study will be significant because they will contribute 

to our understanding of how disruption to the fetal hormone environment alters the 

development of the testis and subsequent function of the adult male reproductive system 

in sheep. These findings can then be used as a model for other long-gestational mammals 

including humans. 
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4 CONCLUSIONS AND FUTURE DIRECTIONS 

 
We investigated giving testosterone proprionate to pregnant ewes during day 30-

60 of gestations and the effect it would have on the subsequent potential fertility of the 

male offspring.  There has been a lot of work looking at the female offspring of ewes 

exposed to excess testosterone during gestation but the work done on the male offspring 

has been limited to treatments given between day 30-120 gestation.  Our work 

specifically looked at day 30-60 of gestation and showed that the consequences of our 

treatment does affect the potential fertility of ram lambs born to treated ewes.  Using the 

SFT Guidelines, 75% (9/12) of the control rams were found to be satisfactory as potential 

breeders, whereas only 41.7% (5/12) of the treated rams were found to be satisfactory as 

potential breeders.  Although rams represent a small percentage of the breeding flock 

they contribute half of the genetics, so a performance rate of 41.7% could have a 

significant impact on the overall productivity and profitability of the flocks. 

The results of our breeding soundness exams also showed specifically that scrotal 

circumference and sperm concentration were decreased in the treated group.  Although 

the specific reason for this decrease was not elucidated from our study we concluded that 

the effects documented in other studies must occur at a later date during gestation. We 

know that testosterone inhibits both GnRH and gonadotropin secretion. Exogenous 

administration of testosterone results in negative feedback on the hypothalamic-pituitary 

axis, inhibiting GnRH.  This inhibition can lead to inhibition of FSH and LH production. 

As a result, intra-testicular testosterone levels and overall testosterone production 
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decrease. Exogenous testosterone therapies can suppress production to such a degree that 

spermatogenesis can be dramatically compromised. Future studies could also be done to 

further narrow the window of critical development exposure as well as address where the 

alteration to the testis is occurring during fetal development.   

While, this study addresses potential fertility of ramlambs born to mothers treated 

with testosterone proprionate it does not address true fertility.  The only way to truly 

address the treated ram’s fertility capacity would be to breed these rams to ewes.  An 

additional aspect of this work that could have provided additional information would 

have been to see the epigenetic effects on their offspring as well. 
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APPENDIX A PHOTOMICROGRAPHS USED FOR SPERMATOGENESIS 

SCORING AND LEYDIG CELL DENSITY 

 

A.1 Introduction 
 

In conjunction with another study rams born to mothers treated with testosterone 

proprionate at day 30-60 of gestation were assess at 18 months of age to see the effect 

exogenous androgens would have on potential fertility. When these rams were humanely 

euthanized, with an overdose of phenobarbital (Euthasol, Virbac Animal Health, Fort 

Worth, TX, USA), two 1 cm biopsies from each testis were obtained for additional 

testing. Histopathology is regarded as the most reliable and sensitive means of detecting 

effects on spermatogenesis (Linder, 1992; Ulbrich, 1995).  To determine whether prenatal 

exposure to excess androgens, testosterone in particular, had a clear effect on 

spermatogenesis the architecture of the testicular tissue was evaluated using the Yoshida 

Scoring Method. (Yoshida et al., 1997).  Leydig cell density was also assessed at this 

time using a previously described scoring method. (Donovan et al., 2013). 

 

A.2 Materials and Methods 
 

One testicular biopsy from each testis was fixed in 10% buffered formalin and 

paraffin embedded. Serial 4 µm sections were cut from paraffin blocks and mounted on 

positively charged slides. Hematoxylin and eosin staining was performed on a GLX 

linear stainer (Thermo Scientific, Waltham, MA, USA) and then the slides were 
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coverslipped with Cytoseal™ XYL (Thermo Scientific, #8312-4).  The seminiferous 

epithelium was examined using a Leica Systems Microscope under a 200X 

magnification. Electronic images of representative samples were digitally captured. A 

single observer (AM) blinded to the treatments performed the histomorphometry. Five 

seminiferous tubules were randomly selected and then two perpendicular diameter 

measurements were made across the tubule (Figure 2.1).  These diameters were recorded 

and then were averaged to yield a single mean diameter for each testis. A single observer 

(KP) blinded to the treatments performed the Yoshida scoring for spermatogenesis (Table 

2.3; Yoshida A et al., 1997) and Leydig cell density and morphology scoring (Donovan 

CE et al., 2013).  Leydig cell density was scored on a 0-3 scale: 0 = no cells present; 1 = 

scattered/few cells present; 2 = moderate number of cells present; 3 = densely packed 

within the interstitium.  Leydig cell morphology was scored on a 0-3 scale: 0 = normal; 1 

= mild changes; 2 = moderate changes; 3 = several changes. 

All data are reported as mean ± standard deviation (SD). BSE parameters and cell 

associations of seminiferous epithelium were assessed for normality using Kolmogorov-

Smirnov Test with Dallal-Wilkinson-Lillefor P-Value. Normally distributed data were 

analyzed using a two-tailed, non-parametric T Test. Data represented by percent were 

arcsine transformed before analysis; all analysis was completed using GraphPad Prism 

6.03 (GraphPad Prism software, LaJolla, CA). p<0.05 was considered significant for all 

analysis. 
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Yoshida Scoring Method 

Score Criteria 

12 Many later spermatids or spermatozoa (≥10) present 

11 Only a few late spermatids or spermatozoa (<10) present 

10 
No spermatozoa and no late spermatids, but many round spermatids (≥10) 
present 

9 
No spermatozoa and no late spermatids, but only a few round spermatids 
(<10) present 

8 
No spermatozoa and no spermatids, but many secondary spermatocytes 
(≥10) are present 

7 
No spermatozoa and no spermatids, but only a few secondary spermatocytes 
(<10) are present 

6 
No spermatozoa, no spermatids, no secondary spermatocytes, but many 
primary spermatocytes (≥10) present 

5 
No spermatozoa, no spermatids, no secondary spermatocytes, but only a few 
primary spermatocytes (<10) 

4 
No spermatozoa, no spermatids, no spermatocytes, many spermatogonia 
(>10) present  

3 Only germ cells present are a few spermatogonia (<10) present 

2 Absence of germ cells, but Sertoli cells are present 

1 Total absence of cells in tubular section  

  
 
Table A.1: The criteria used for scoring changes within the seminiferous epithelium of 

rams that were treated with testosterone proprionate or untreated. (Yoshida et al., 1997). 
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A.3 Results 
 

Spermatogenesis as scored using the Yoshida method did not differ between 

treatment groups (P=>0.9999). The Leydig cell density did not differ between groups 

(P=0.4920). The Leydig cell morphology did not differ between groups (P=>0.9999). 

(Table A.2) 
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  CONTROL TREATMENT  
  Mean SD Mean SD P-Value 
      
Spermatogenesis Combined Left 11.86 0.353 11.86 0.353 > 0.9999 
Spermatogenesis Combined Right 11.86 0.353 11.86 0.353 > 0.9999 
Leydig Cell Density Combined Left 1.00 0.534 1.00 0.534 0.6845 
Leydig Cell Density Combined Right 1.13 0.641 1.13 0.353 0.5983 
Leydig Cell Morphology Left 0.00 0.00 0.00 0.00 > 0.9999 
Leydig Cell Morphology Right 0.00 0.00 0.00 0.00 > 0.9999 
 

Table A.2: Mean Standard Deviation Analysis of cell associations of seminiferous 

epithelium 
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Figure A.1 A representative Yoshida score of 11 from the control (top) and treated group 

(bottom). 
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Figure A.2 Representative images of a Yoshida score of 12 from the control (top) and 

treated group (bottom). 
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Figure A.3 Representative images of a Leydig cell density score of 0 (top), 1 (middle), 

and 2 (bottom) from the control group. Images did not differ between groups.  
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Figure A.4 Representative images of a Leydig cell morphology score of 0 from the 

control.  Images did not differ between groups. 
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A.4 Discussion 
 

Excess androgen exposure during the critical period for sexual differentiation, 

days 30-120 of gestation, has been shown to alters fetal testis development and reduces 

fertility in adult rams.  (Recabarren et al., 2008; Rojas-Garcia et al., 2010; Connolly et al., 

2013). Based on the results of the histologic analysis, the changes that resulted in these 

alterations did not occur when the treatment was constricted to day 30-60. 
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APPENDIX B SPERM MORPHOLOGY RESULTS 

 

Morphological abnormalities were categorized (primary vs. secondary) according 

to Society for Theriogenology (SFT) Guidelines. A single observer blinded to the 

treatment groups evaluated both sperm motility and morphology. Although there were no 

significant differences between groups, there were several sperm abnormalities observed, 

which include bent neck, reflexed midpiece, free normal heads, proximal and distal 

droplets, etc.  These photos illustrate these abnormalities found in both the treated and 

control groups. 
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Figure B.1 Normal Sperm (Top and Bottom) 
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Figure B.2 Free Normal Head (Top and Bottom) 
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Figure B.3 Reflexed Midpiece (Top and Bottom) 
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Figure B.4 Simply Bent Tail (Top) Distal Droplet (Bottom) 
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Figure B.5 Strongly Coiled Tail Figure (Top) Double Midpiece (Bottom) 
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APPENDIX C NUCLEOCOUNTER SP-100 

 

C.1 Introduction 

 

Determining sperm concentration involves counting sperm contained in a defined 

volume of semen. (Brito, 2010a) The process involves preparation and dilution of the 

semen sample and counting the cells.  Hemocytometers used in conjunction with a 

microscope is an example of a manual method for counting sperm. Hemocytometers are 

considered the gold-standard for determining sperm concentration. (Anzar et al., 2009) A 

NucleoCounter SP-100 (ChemoMetic A/S, Allerod, Denmark) was used to assess the 

concentration and viability of the semen collected from the rams in this experiment. The 

NucleoCounter® SP-100™, has been found to very precisely determine sperm 

concentrations and be more consistent and accurate when compared to the 

hemocytometers. (Brito, 2010b) 

 

C.2 Material and Methods 

 

After a sample was collected, it was mixed with Reagent S100 (ChemoMetic A/S, 

Allerod, Denmark) for determination of total concentration. To do this, a 20ul sample 

was pipetted into a 20ml sample cup and 10ml of Reagent S100 (ChemoMetic A/S, 

Allerod, Denmark) is added. The reagent dilutes the sample and renders the cells 

permeable to the DNA stain. Sperm cell membranes are broken down, the DNA labeled 

with propidium iodide, and then the sample loaded into specialized cassettes, SP1-
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Cassette (ChemoMetic A/S, Allerod, Denmark), which are inserted into the counter 

immediately (within 10 seconds). The computer program then measures the fluorescence 

of the labeled DNA, which this is directly proportional to the sperm concentration. Sperm 

viability is then assessed through a two-step process. The first step is determining the 

total cell count concentration of sperm as discussed above. The second step to determine 

sperm cell viability that assesses the membrane integrity of sperm cells. This is 

accomplished by repeating step one replacing the 10ml of Reagent S100 with 10ml of 

phosphate buffered saline (PBS). The viability is quantified by subtracting the value of 

step two from step one, resulting in the percent viability. 

 

C.3 Results 

 

Sperm viability did not differ between groups however, total sperm concentration was 

reduced by 32% in the testosterone proprionate group when compared to the control 

group (p=0.0336). (Table C.1) 
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  CONTROL TREATMENT   
  Mean SD Mean SD P-Value 

      Total Sperm 
Concentration 3694 1320 2536 1295 0.0336 

Non-Viable 1103 675.6 1152 864 0.8762 
% Viable 68.69 15.37 56.89 19.36 0.3021 

 

Table C.1 Mean Standard Deviation Analysis of semen concentration and viability. 
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C.4 Conclusion 

 

The results in concentration were significant and showed that treatment with testosterone 

proprionate during the critical window of fetal development does alter germ cell number.  

Rojas-García and colleagues also saw a reduction in the germ cell numbers and proposed 

that is could be a consequence of increased apoptosis during spermatogenesis or a result 

of lowered testosterone levels in the blood (Rojas-García et al., 2010) In the current study 

testosterone levels were not measured at the time of the experiment and the reason for the 

decrease in concentration remains unknown. 
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APPENDIX D DNA FRAGMENTATION 

 

D.1 Introduction 

 

In humans, sperm DNA integrity has been recognized as an important cause of 

infertility, as well as a potential fertility predictor (Agarwal and Said, 2003; Sakkas et al., 

2003). Sperm has a complex structure and is highly compacted, but is also capable of 

decondensation at fertilization. Larson-Cook et al. (2003) showed that Sperm Chromatin 

Structure Assay (SCSA) test values (designated as COMPαt: the percentage of denatured 

DNA) were significantly correlated in vivo and in vitro with no pregnancies occurring if 

> 27% of the sperm demonstrated DNA fragmentation. Additionally, of nine biochemical 

pregnancies that occurred with sperm with COMPαt greater than 30%, all pregnancies 

ended in the first trimester (Larson-Cook et al., 2003). 

The SCSA assay is one of a multitude of assays that are currently available for the 

measurement of sperm DNA fragmentation, which utilizes flow cytometry of thermally 

denatured sperm (Evenson et al., 1980). Other assays include the TUNEL assay 

(Gorczyca et al., 1993a; Gorczyca et al., 1993b) which incorporates a fluorescent tag on 

DNA 3’-OH free ends with the fluorescence proportional to the number of DNA strand 

breaks (Sharma and Agarwal, 2011). Then there is the comet assay that identifies double 

and single-strand DNA breaks (Hughes et al., 1996), the chromomyycine A3 staining 

assay (Manicardi et al., 1995), the DNA Breakage Detection-Fluorescence In Situ 

Hybridization (DBD-FISH) test and more recently the Sperm Chromatin Dispersion 

(SCD) test (Fernández et al., 2003). 
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However, many of these DNA fragmentation techniques require expensive and 

specialized instrumentation and training. They are labor intensive or rely on the use of 

costly enzymes, probes or stains. As a consequence, most of these procedures are still 

best suited for research purposes and not for routine diagnostic use in a human or 

veterinary clinical setting. Recently, a simplified, commercially available SCD test, 

Halomax (Halotech®, Madrid, Spain) has become available. This test has been developed 

for use for a large variety of animal and insect species, including ovine, and is suitable for 

clinical use due to its simplicity and cost-effectiveness. This test is based upon the 

presence of DNA breaks, which result in the expansion of the nucleoid halo (Roti and 

Wright, 1987).   

In brief, the Halomax Sperm Chromatin Dispersion kit determines the degree of 

DNA damage in each semen sample. It is based on the differential response of 

fragmented and unfragmented spermatozoa nuclei to a protein depletion treatment. The 

extraction of nuclear proteins from spermatozoa containing fragmented DNA releases 

DNA fragments between two breakage points. Sperm nuclei disperse chromatin around, 

forming a low stained peripheral halo, which is distinguishable under low magnification 

florescent microscopy. (Halotech®, Madrid, Spain) 

 

D.2 Methods 

 

The manufacturer’s protocol included within the kit (put info about kit) were 

followed.  Briefly, the sperm are diluted in phosphate buffered saline (PBS) to a final 

concentration of 5-10 million per milliliter. The sample is immersed in an heated agarose 
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matrix and a drop is placed onto the treated face of the slide provided by the kit. A cover 

slip is placed over the drop and gently pressed to remove all air bubbles and then cooled.  

Once cooled, remove the cover slip in a horizontal position and place in the lysis solution 

to denature DNA that contains breaks, and subsequently treated with lysis buffer to 

remove membranes and proteins. The slide is then dehydrated with ethanol and allow to 

air dry. The slides are then stained using DNA specific fluorochromes such as Gel Red 

and DAPI just before analysis. The goal is to observe the DNA dispersion halos made by 

sperm nuclei with fragmented DNA via fluorescence microscopy. 

 

D.3 Results 

 

In all samples tested, no fluorescent halos were observed. 

 

D.4 Conclusions 

 

Although initially seen as a promising method for measuring DNA fragmentation 

for this study, the use of the Halosperm kit became problematic because of an initial error 

in delivery of the wrong test kit, later compounded with poor technical support due to 

time and language barriers (the company is based in Spain). Due to the communication 

difficulties and shipping delays the correct test kit was received after the study animals 

were sacrificed, and semen samples could be obtained. Therefore, no samples were 

analyzed. 
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APPENDIX E PRESENTED AT THE SOCIETY FOR THERIOGENOLOGY 

CONFERENCE, AUGUST 2014 (PORTLAND, OR) 

Comparison of two electroejaculation methods in rams 
 

CM Scully, HJ Montilla, CT Estill 

Department of Clinical Sciences, College of Veterinary Medicine, Oregon State 
University, Corvallis, OR 97331 

 
Introduction: A goal of the sheep producer is to select rams with the ability to impregnate most of 
the available females early in the breeding season. When collecting semen from a ram by 
electroejaculation, the dogma is that it is necessary to use a different stimulation technique than 
that described for bulls. The objective of this study was to evaluate two electroejaculation 
techniques for collecting semen samples in rams. Our hypothesis was that the “bull method” of 
electroejaculation used to collect semen from a ram would yield results similar to the traditional 
“ram method”. 
 
Methods: Suffolk and Dorset rams averaging 2 years old used in this study were part of a local 
flock. All were collected using a lubricated “ram probe” inserted into the ram’s rectum with the 
electrodes facing ventrally, and a Lane Pulsator IV® electroejaculator.  Rams (n=48) were 
electroejaculated using either the “bull” method (n=24) or the “ram” method (n=24). For the “bull 
method”, a pre-set program function was used that ran until a semen sample was collected. With 
the “ram method”, downward pressure was also applied with the probe around the area 
corresponding to the accessory sex glands and massaged for 3–4 seconds during the rest period 
between stimulations. Then the probe was held stationary over the same area while a steady 
electrical stimulation was applied for 7 seconds. This method was continued until a semen sample 
was collected.  Samples were evaluated for motility and morphology using the guidelines set by 
the Society for Theriogenology. The Mann-Whitney test was used to evaluate the impact of these 
methods on response time and amplitude of stimulus required for the rams to ejaculate. The effect 
of method used on classification was evaluated using a Fisher's exact test. Statistical tests were 
performed using R (version 3.0.2) and significance was defined as p<0.05. 
 
Results: There was significant difference in the time required for rams to ejaculate using the 
different methods. The “ram method” required an average of 45 [95% CI 15, 70] seconds longer 
to produce an ejaculate than with the “bull” method. There was no significant difference in the 
amplitude of electrical stimulation required between methods or between how the animal was 
classified (unsatisfactory or satisfactory). There were no “deferred” or “exceptional” 
classifications in either group of rams. Age and breed had no significant effect on classification, 
either alone or in combination with either method. 
 
Discussion: Based on this particular group of rams, the “ram method” or “bull method” produced 
similar results with respect to efficacy of the method to produce a semen sample and quality of 
the samples collected when performing a breeding soundness exam.  
 
Keywords Ram, semen collection, breeding soundness exam, electroejaculation  
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APPENDIX F PRESENTED AT THE THERIO CONFERENCE, AUGUST 2014 

(PORTLAND, OR)  
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  Repeat%un9l%sample%collec9on%
%

Statistical(analysis(done(with(ANOVA(

! Mann$Whitney+test:+++
•  impact+of+these+methods+on+response+5me++
•  amplitude+of+s5mulus+required+for+ejacula5on.++

! Fisher's+exact+test:+
•  method+used+on+BSE+classifica5on++

! Sta5s5cal+tests+were+performed+using+R+(version+3.0.2)+
! Significance+was+defined+as+p<0.05.++

Bull$method$is$faster$with$no$loss$in$
test$performance$
! Time%required%for%rams:%%
•  “Ram%method”%required%an%average%of%45%[95%%CI%15,%70]%
seconds%longer%to%produce%an%ejaculate%

! Amplitude%of%electrical%sHmulaHon:%
!  No%difference%between%groups%

! ClassificaHon:%
!  No%difference%between%groups%
!  Note:%no%“deferred”%or%“excepHonal”%animals%in%either%group%

! No%effect%of%age%or%breed%
%

Not$supportive$of$ram$method$

! We#found#no#advantage#to#the#Ram#method:#
•  Slower#
•  Same#quality#of#sample#

#

Future&work&requires&more&numbers&

! Crossover'study'
! Mul.ple'farms'
! Seasonality'
'


